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INITIAL SUBMISSION : LETTER FROM INT ISOCYANATE I NST INC TO 
USEPA REGl\RDING A RESPIRATORY INHALATION STUDY IN GUI NEA 
PIGS WITH 2 , 4 - }\ND 2 , 6 - TOLUENE DIISOCYANATE WITH ATTACHMENTS 

2 ,4 - AND 2,6 - TOLUENE DIISOCYANATE 



... 
INTERNATIONAL ISOCYANI\TE INSTrrUTE, INC. 

119 CHERRY HILl RoAD 

PARSIPPANY, NEW JERSEY 07054 

TREPHONE: (201) 263-7517 

FAX: (201) 263-8739 

SENT BY CERTIFIED MAIL 

Document Processing Center (';'.'3-790) 
Office of Toxic Suostances 
US Environmental Protection Agency 
401 M Street, SW 
Washington, DC 20460 

Att~1: 8(e) Coordinator 

Dear Sir or Madam : 

I NIT 

c {l;""l . 
J 

The !nternational Isocyanate Institute, Inc. (Ill) is cur rently sponsoring a study on Toluene 
Diisocyanate; 2,4- and 2,6 : Respiratory Sensitization Study with 2,4- or 2,6-'roluene 
Diisr.>eyanate ('l'DI) in Guinea Pigs - III P!"oject AM-AB-89. This study is heing conducted at 
Miles Inc., Agriculture Division Toxicology, 17745 South Metcalf, Stilwell, Kansas 66085-
9104. Tbe findings, detailed belo·w, are being submitted to the TSCA 8(e ) coordinator on 
behalfofBASF Corporation, The Dow Chemical Company, ICI Americas Incorporated. Miles 
I:acorporated, and Olin Corporation. These findings will be communicated to our member 
companies . 

Details of the Study: 

A respiratory sensitization study of 2,4- and 2,6-Toluene diisocyanate (CASe 584-J 9 and 
91-08/fl, respectively) was recently performed by Miles Inc. under the auspices of the 
International Isocyanate Institute, Inc. This study was performed using guinea pigs as the 
iest model, to evaluate the pote11tial for 2,4- and 2,6-Toluene diisocyanate (TDI) to induce 
pulmonary sensitization following respiratory exposure. 

In the study, 11-12 male guinea pigs/group were exposed during the sensitization phase 
(exposures for three hours/day for five consecutive days) to either 2,4- or 2,6-TDI. All animals 
were then housed under standard conditwns tor two weeks. Animals were subsequently 
challenged three times (at approximately one-week intervals) with one isomer of TDI to 
assess hypersensitivity reactions as shown below. 

Sen~i tization Challen~ 

I Group 1 2,4-TDI 2,4-TDI 
Group 2 2,4-TDI 2,6-TDI 
Group 3 2,6-TDI 2,4-TDI 88938888858 

Group 4 2,6-TDI 2,6-TDI 

Note: The first two challenges in each case involved TDI vapor while third challenge was 
to the appropriate isomer of TDI conjugated to guinea pig serum albumin. 

Increases in respiratory rate were taken as n primary indicator for hypersensitivity responses 



and the respiratory rate of each animal was monitored before, during, and after each 
challenge exposure. All animals were evaluated for suspected immediate-and delayed-type 
hypersensitivity reactions during each of the three challenges. 

Imm~diate, delayed and combined (both) type responses were observed from all groups. A 
greater incidence of delayed-type responses were ubeerved from all groups . A greater 
incidence of delayed-type rather than immediate-type suspected responses were apparent 
from each group. More suspected immecliate-type responses tended to be observed after the 
third week of challenge (TDI-GSA conjugate exposure) than were observed during the first 
two weeks of challenge (TDI vapor). This trend was not followed, however, with respect to 
observations of suspected delayed-type responses. 

These data suggest that guinea pigs may become sensitized t.o either isomer of'JDI, and that 
each isomer of TDI may be used to assess hypersensitivity reactions after prior exposure to 
either TDI isomer. This study was conducted to con:rare isomer-specific response patternJ 
from anima!-3 given exposures to either 2,4- or 2,6-TDI, however, in that no true controls were 
conducted during this study, none of the suspected hypersensitivity responses observed here 
may be authenticated. Nevertheless, because we believe that the results of this study mark 
the first time that the individual isomers of commercial grade Toluene diisocyanate have been 
shown to induce pulmonary sensitization, we are bringing these findings l your attention . 

Very _E-uly yours, 

\~J ' .~ 
R. K. Rigger \ 

aging Director 
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SENT BY CERTIFIED MAIL 

Document Processing Center (TS-790) 
Office of Toxic Substances 
U.S. Environmental Protection Agency 
401 M Street, S.W. 
Washingt,)n, D.C. 20460 

Attn: 8(e) Coordinator 

Dear Sir or Madam: 

89948088178 

As a follow- up to the attached previous filing (8BHQ-1C5M dated October 9, 1992, the 
International Isocyanate Institute Inc. (111) on behalf of its members (BASF Corporation, 
Dow Chemical Company, ICI Americas, Inc., Miles, Inc. and Olin Corporation) hereby 
submits a copy of the final report for the following study: 

"Respiratory Sensitization Study with 2,4- or 2,6-TDI in guinea pigs." 
ill Project: AM-AB-89. 

A copy of the repon is also being sent to the section 8(d) Coordinator as a follow-up to a 
filing. 

Very truly yous, 



Coniains No cal 
REC' u 

OFriCE OF POLLUTI Ot,; MILES A 
. . . -- ____________ .. ____ . 

~ f. p - l i· 2: '1 l 

MAR 8, 1994 

Sponsor: International lsocyanates Institute (Ill) 
119 Cherry Hill Road 
Parsippany, NJ 07054 

Ag,riculture Division 

Miles Inc. 
17745 South Metcalf 
Stilwell , KS 66085-9104 
Phone: 913 897-9100 

Regarding completion of III project AM-AB-89 , "Respiratory Sensitization Study with 2,4- or 2,6-
TDI in Guinea Pigs". This letter completes this project as well as presents a summary perspective for 
the information gathered . 

This respiratory sensitization project was conducted in two phases (Miles study numbers 9J .. 344-KR 
and 92-344-PP) . The initial work (91-344-KR) generated comparative data for the sensitization 
potential of each common isomer of Toluene Diisocyanate (TDI) , while the secondary work (92-344-
PP) generated the extl!nsive data from controls needed for interpretation and identitication of the 
absolute incidence of compound-specific hypersensit ive responses . 

Summarily the data gathered does confirm a sensitization potential fo r TDl in Guinea Pigs . Both 
isomers of TDI were similar with respect to t.heir potential to sensitize animals, and the incidenc:e of 
sensitization was similar to literature values reported from si milarly des igned experiments using a 
mixture of these isomers. Hypersensitive responses could be elicited with similar frequency by 
provocation with the same isomet u~ed for the initial sensitization as well as with the alternative 
isomer . Overall, with respect to this biological endpoint , few distinctions were apparent between the 
two isomer:; of TDI studied . 

Work on this project is concluded and the attached repo rts describe in detail the approachs and 
ethodologies used , as well as animal specific results. 

-k (us. ;I f/3 t1 
Darren L. Warren , Ph .D., DABT (Study Director) f-~ 'L; 
Miles Inc. 
Agriculture Division I Toxicology 

--~ av.Jx{!A_ __ - 31__~_q_4__ 
Ghana K. Sangha~-fPh.D.(Directfu-of ToxJ~ology Lab. Sponsors Representative) 
.Miles Inc. 
Agriculture Division I Toxicology 
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Thi• •tudy wa• con.:lucted in compliance with the TSCA Good Laboratory 
Practir.e Standuod• of 40 en Pu-t 792 and the OBCD ~rinciple• of Cood 
L&borato&y Practice, C(81)30 (PJ.nal) Annex 2 (Ptlrh, May 1981). 

SUIMITTIB 

MILES INC. 

J. H. Thy••er.a 

Date a 

IN'RRNATIONAL ISOCYANATB INSTITUTB, INC. 

G. Jt. Sanghaa 

l.mi DIUCTQR 

D. L. WarrtmJ -
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IPOQOI 

INTBRNilTIONAL ISOCYAJI,Aft INSTITUT., INC. 
119 Chttrry Hill Road 
Paraip·pany, NJ 07054 

DU PACILIU 

MIUS INC. 
Agriculture Diviaion 
Toxicology 
17745 South Metcalf 
Stilwell, Kanaaa 66085-9104 

•xperLmental Start Date: 
Terminal Sacrifice Date1 

July 22, 1991 
November 22, 1991 

PIIIOIIIL AID IIIPQIIIIILI%III 

Toxicology: 

Toxicology Labora~ory1 G. K. Sangha 

•xperLmental Toxicologyt R. N. Shiotauka 

Study Direction: D. L. Warren 

Study COndu-,t: L. A. Berry 

D. w. Sturdivant 

A. T. Tran 

Pathology Service•• •• P. Stuart 

Aniaal care• R. •• Mueller 

Groae Pathology• H. •• Hoaa 

Analytical Cb .. iatrr• K. D. Moore 

Quality Aaaurancec c . . A. Halder 



QUN,IU 

All ph•••• of •tudy conduct for thi• •tudy type have been periodically 
in•pected by the Quality A•eurance Unit. Audit report• have been 
•ubmitted to ~aboratory Management and the Study Director, documen~ing the 
•tatuY of compliance with applicable departmental •tandard procedure•, the 
•tudy protocol and Good Laboratory Practice• regulation•. 

AUDID 
pate ru ... Auditor 

Phue of Study 

07/25/91 Bslance Verification, Removal of Teet J. Ranjbar 
Subetance From Storage, Weighing of 
Te•t Subetance, Return of Teet Sub-
etance to Storage, Placement of Te•t 
Subetance in Bubbler, Lab-Tech Soft-
war~ Operation/Data Collection, U•• 
of Oilibrator, Verification of 
~nerator and Bxhau•t Airflow•, WatQ.r 
Bath Heater, Balance Verification, 
Body Weighte, Clinical Sign•, Place-
ment of Animal• in Reetrainere/Chamber, 
Generator Operatior, Ch~r Tempera-
ture, Sampling of Chamber Atmoephere, 
On•et and Bnd of Bxpo•ure, a..oval of 
An~l• From Chamber/Reetrainer• and 
Po•t-Bxpo•ure Ob•ervation• 

08/13-15/91 Teet Sub•tance Retrieval Pro. Storage, J. Hagen••n 
Balance Verification, Weighing, Di•-
peneing of Te•t Sub•tance, Reweighing, 
and Return to Storage, Pre and Po•t-
Bxpo•ure lody Weight•, Ob•ervation•, 
Loading of P1ethy..agraph•, Calibration 
of Mixing ~r, Plethy.-ogra~h and 
Generator Airflow•, Water Bath Tempera-
tar'-! Verification, Start of Accliaat.ior~ 

J-eriocl, BVXCO/Gould Re•piratory Rate 
Jtecorder Operation, Airflow and Static 
Pre•.ur• Readinge, Re•piratory Mea•ure-
-nt•, Bnd of Bxperieent, ~val of 
Aniaa!w Pro. Plethy..agraph, Generation 
Operation Start and Stop of Delivery 
Sy•t .. (Te•t Sub•tance), Mixing Cha.ber 
an4 Plethy..ograph At.oephere Sa.pling 

5 

llDOitT TO 
S'l'UDY DIUCTOR/ 

IWIAGIIIIPI't 

08/05/91 

08/16/91 



CHJJLIU UIVIAJICI UM'IPA''T ( CoDtiDuecl) 

AUDITI 
Phil WI Auditor 

Phate of Studv «Continytd) 

08 / 26,27/91 Balance Verification, Protein con- J. Hag•n••n 
jugate Preparation, Pitt No. l 
Nebulizer Operation, Razel Pump 
Oper~~ion, Calibration/Operation of 
Cahn 27 Blectrobalance, Mixin~ 
Chamber/Plethy.mograph Atmotphere 
Sampling, Animal Invent.ory, Anetthetia, 
Blood Collection, serum Pr.eparation, 
Sacrifice of Animal• and Necropty 

01/27/92 Lab-Tech Software Operation and J. Hagenaen 
Colle~tion of and Storage of Chamber 
Airflow, Temperature and Humidity Data, 
Calibration of Solomat Temperature and 
Humidity Probet, Balance Verification, 
Body Weightt, Placement of Animal• in 
Plethya.ographt, Animal Inventory, 
Acclimation Start, Bxpoaure Start and 
Bnd, Removal of Animal• from Plethyamo-
graph and Clinical Obtervationt 

03/05/92 Ute of Gilibrator, Verification of J. Hagenten 
Chamber. Generator, and Plethyamograph 
Airflow•, Pre-challenge Body Weightt, 
Obtervationt, Balance Verification, 
Calibration of Gould and BUXCO Sytteme, 
Placem.nt of Animal• in Pletny-.ographt, 
Accliaation, Preparation of Teet Sub•tance, 
Calibratio~ of Cahn Bal,.ace and Wet Tett 
Meter, Start of Pre-expoture, Oneet of 
Challen9e &xpoture, Oper•tion of rw.p 
Delivery Syttem and Nebulizer, Airflow 
Reading•, Otatic Pretture Reading•, 
1.-pling of Chamber and Plethyemograph 
At.oephere, Bnd of Challenge 8xpoture, 
reeding and Wat~ring of AniJIIalt, Pott-
Bxpogure Termination, Pott-Bxpoture Budy 
Weight•, Obtervationt, BaJ.ance Verifica-
tion, Anetthetia, Blood Collection, 
Sacrifice, and Necropty 

08/21- Pinal Report Revi.w lt. Schroeder/ 
J. Hagenten 09/01/92 
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Rm'OitT '1'0 

SmDY DIUC'l'Oil/ 
IW!AGIIIIJIT 

08/29/91 

01/29/92 

03/05/92 

09/01/92 



QVILIU MIP'!'"£' RA'P''7 (CoDtillued) 

llBPOH N 
ADID 8mDY DIUCTOa/ 

Data Pbatat Ay4itor M1B&91K11% 

Clinical L&boratory Suppp~ 
08/27/91 Hematolcqy Paramete~• J. Hagenten 08/29/91 

10/24/91 Differential Count• J. Ranjbar 1C/24/91 

Analytical Support runction• 
10/07/91 Analy•i•, Method ror Analyeit, s. Bailey 10/17/91 

Analytical Standardt, Standardization 
and Maintenance of Chromatographic 
Inttrument• 

Animal Care Support runctiont 
07/02/91 Animal Receiving, Bx .. ination, 

Randomization, Animal Inventory and 
Room Activity Checklitt (T-r189) 

07/03/91 Animal Identification 

07/08/91 Relee•e of Animal Shi~nt ror 
Study Ute 

01/31/92 Bedding, Rack Change and reeding 

02/04/92 Cleaning of Rack•, Caget, Tray• 
and reeder• 

02/20/92 PiltP~ Inapcction/C~ange 

02/25-26/92 Quarantine, reeding and Obaervations 

03/02/92 Special Procedure• ror Guinea Piga 

03/06/92 aoo. Diei~iection and Light Timer 
Check 

J. Hagantan 07/02/91 

J. Hagen ten 07/03/91 

J. Hagenten 07/10/91 

c. A. cox 02/03/92 

c. A. Cox 02/04/92 

c. A. Cox 02/20/92 

c. A. Cox 02/26/92 

c. A. Cox 03/02/92 

c. A. Cox 03/09/92 

In ca.pliance with the Good l-aboratory Practice requl~tiona, thi• final 
report for atudy nuaber 91-344-JtR hae been reviewed by the Quality 
Aaaursnce Unit. The reaulta preaented in thia report accurately deacriba 
the IDithoda and atandard procedur • and reflect the raw data collected 
durinq the conduct f the • dy. 

9/11/9.2. 
'Da\e 



The potential of 2, 4- or 2, 6-TDI to aenaitiza male guinea pig• after 
reapiratory expoaure waa inveatigated. Eleven to 12 animals per group 
were axpoaed during the aend.tization ph&fla (axpoaurea for three houril/d&y 
for five conaecutiv• daya) to either 2,4- or 2,6-TDI. All animal• war~ 
then houaad under atandara conditio~• for two weak•. Animal• ware 
aubaequently challenged three timea (at approximately one-weak intarvala) 
with one iao"'lar of TDI to a••••• h.yperaenaitivity reaction• aa ahown 
~low. 

Sanaitizat,ion Challenge 

Group l 2,4-TDI 2,4-TDI 
Group 2 2,4-TDI 2,6-TDI 
Group 3 2,6-TDI 2,4-TDI 
Group 4 2,6-TDI 2,6-TDI 

Notes The fi.rat two challenge• in each caae involved TDI vapor while 
third challenge waa to the appropriate iaomar of TDI conjugated to 
guinea pig ••rum albumin. 

Iocr••••• in reapiratory rate were taken aa a primary indicator for 
hyparaenaitivity reapon••• and the raapiratory rate of each animal waa 
monitored ~fore, during, and ftftar each challenge expoaure. su~tained 

reapiratory r•t• incr••••• ahor·tly after expoaure repreaent ilmledi&te-type 
while incr••••• at timea long after the end of expoaure indicate delayed
type reapons;ea. Animal a were a lao .IDOnitorad for clinical aigna and 
altttrationa in the rate of body weight gain •• wall •• for laaiona at 
necrop•y. 

Two anLsal• died during the aenaitization expoaurea. A •mall number of 
clinical •ign• were ob•erved fro. group• 2 and 3 aft•r the firat day of 
expoaure ana one anLsal from group 4 reacted atrongly during the third 
challenge ax~•ure. No aign• were ob•erved froa other group•. Analyaia 
of body weight data •howed few notable difference• between group•. 
Although few gro•• la•ion• were ob•erved animal• from group 4 ahowed an 
incidence of red son•~ in the lung• at necropay that waa elevated from the 
other groupe. 

All anieal• ware •valuated for •u•pectad iiiiiiMldiate- and delayed-type 
hyper•en•itivity reaction• during each of the three challenge•. 
Immediate, dal&yed, and combined (both) t~ re•pon••• were obeerved from 
all group•. A greater incidence of delayed-type rather than i.Daediate
type •u•pected re•pon••• wa• epparent free each group. More auapectad 
iiiDediate-type reapon••• tended to be ob•erved after the third weak of 
challenge (Tel-GSA conjugate expo•ura) than were ob•erved during the firat 
two week• of challenge (TDI vapor). Thi• trend wa• not follo~, however, 
with re•pect to ob•ervation• of . au•pected dalay~-type .re•pon•••· 

e 



Thi• •tudy was perfora•d to coapare reepon•e pattern• elicited by 
expoeure• to 2, 4- or 2, f-TDI, and few difference• were obeerved here 
between group•. In that •haa-•ensitized but TDI-challenged control groupe 
were not included in thi• etudy, the tru& incidence of authentic 
hypereeneitivity reactione cannot be identified by thie •tudy. 

9 



HATIIIALfa a.t-Iwowar 

I. The teat wubatance waw wupplied by M.llea Inc., Induwtrial Chemical• 
Diviwion, Mobay Road, Pittwburgh, PA 15205-9741, with the following 
informations 

T91t lubwtapcez 

Identification: 

Phywical Appearance: 

Lot No.: 

Purity: 

Stability Under 
Storage condition ; 

Chemical Namez 

Structurewz 

CAS Reqiwtry No.z 

Mondur TDS Grade II 

Pale yellow liquid 

007 

9&.n 

One year 

2,4-Toluene Diiaocyanate 

c$1co 
NCO 

2,4 • TOI 

584-84-9 

II. Durin~}< the atudy the teet aub•tance waa wtored and archived at room 
te.perature. 

10 



MA;IIIALII 2.6-Itoatr 

I. The telt IUbttance W&l tuppliMd by Aldrich C~~ical Co., Inc., with the 
following information: 

TWit lyblt&ACel 

Identification: 

Phy•ical Appearance: 

Cataloq. No. : 

Purity: 

Stability Under 
Storage Condition: 

&ctiye Iaqrt4iegt.a 

Chemical Name: 

Structure•: 

CAS Regittry NO.I 

2,6-Toluene Oiitocyanate 

22,386-7 

97\ 

Not available* 

2,6-Toluene Diitocyanate 

2,6 • TOI 

91-08-7 

II. During the ttudy the teat •ubttance wat ttored un~er refrigerator 
conditionll. 

*Stability und8r atorage it pretumed to be 1imilar to that of the 
2,4-iloeer . 

11 



ruvou 
The purpo•• of thi• •tudy i• to evaluate the potential for 2,4- and 2,6-
TDI to ••n• ttiae quinea pig• by reapiratory expo•ure. The protocol for 
thi• ex~rt~nt wa• ba•ed on te•t procedure• de•cribed by Karol and co
worker• ( 1-5). Thi• •y•t- involve• expo•ure of guinea pig• during a 
"••n•itization" pha•• and, at a later time, expo•ur•• to much lower 
concentration• of the •ame te•t material for a much •h~rter time (the 
"chall .. nge• pha•e). Hyper••n•itivity reaaction• are typified by an 
incr•••• in the re•piratory r.ate during or after challenge. 

The approach•• u••d in thi• report for the identification and 
characterization of both immediate- and delayed-type hyper••n•itivity 
reaction• have previou•ly been validated with •ubtili•in ( 5), ovalbumin 
(6), and purified tuberculin protein (2), •• po•itive control•. 

DU GVIDILIQI 

There are no te•t guideline• for thi• •tudy type. 



ICIDOpl 

Animal Information 

Sour, ... Nnmher. Weight and Age 

Young adult male Hartley guinea pig• obtained from Sa•co, Inc. , Madi•on, 
Wi•con•in, or Sa•co, Inc., omaha, Nebra•ka, were u•ed in thi• •tudy. 
Guinea pig• are the •pecit!t• of choice for re•piratory ••n•itization 
te•ting (ICarc'l et al. [1,2,3)). Re•ult• from a total of 47 animal• are 
reporttt~. J3ody weight• prior to t .he fir•t •'-~n•itization expo•ure ranged 
from 261 to 361 gram•. Th••• animal• were approximately three to four 
week• of aqe at the •tart of expo•ure. 

Examination and AcclimatiQD 

Guiaea pige were examined upon receipt and held for at lea•t •ix day• 
prior to •tudy initiation. During the holding period each guinea pig wa• 
examined for chang•• in general appearance, behavior and g.ro•" external 
abnormaliti••· Animal• with abnormaliti•• were not u•ed in thi• •tudy. 

Care and Hou•ing 

Prior to anu following the expo•ure pariod, animal• were b,:,u•ed 
individually in polycarbonate •hoe-box type cage• with ALPHA-dri bedding. 
Bedding wa~ chanqed at lea•t twice weekly and guinea pig• we~• tran•ferred 
to clean cage• with every bedding change. The environmental cond.!..tion• 
were ••t for a room temperature range of 18.3 to 2s.s•c, a relative 
humidity (RH) range of 40-70,, and a photoperiod with 12 hou1~• of. light 
alternating with 12 hour• of darkn•••· Environmental conditions wer.e 
ccntinuou•ly monitored. Potable municipal tap water and Agway Prolab 
Guinea Pig Chow were available for Ad libitWP conDumption except during 
the expc•ure period. 

Ideotificatiqo 

le.ch ani .. l waD identified by earmark and cage card. 

Ran4Aiilat;ign 

Araiaal• were •••igned to ••quentially numbered cage• u•ing a li•t of 
4-·andaa IW8ber• generated u•ing SAS •oftware ( 7). Animal• were ••lected, 
for each expo•ure group, in numerical order after randomi~aticn. 

I&Ririmfotal De•iaD 

lxpp•ur• Rlq'men 

Thi• •tudy waa conducted in thr- ph••••• •en•itj.aation, J"nduction, and 
challenge, •• de•cribed below • . ••ch ani.mal experienced each ph•••· Four 
group• of 11 to 12 aniaale were u•ed and each qroup bad a different 
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ie~r-epecific course of expoeure during the eeneitization and challenge 
axpoeuree. Theee groupe were deeignated ae: 

groyp 

Group 1 
Group 2 
Group 3 
Group 4 

lxpoeyre 
Sen•itization Challonge 

2,4-T&JI 
2,4-TDI 
2,6-TDI 
2,6-'l")I 

2,4-TDI 
2,6-TDI 
2,4-TDI 
2,6-TDI 

The couree of theee experiment• fol1.owad a eix-we.k prot.ocol: 

lhAU Regimen Oflcription 

seneitization W-k 1 5 X 3 hour•/day expoauree 
TDI vapor 

Induction week• ~ .3 Conventional houeing 

Challenge weak 4 Ctl•_llanga #1 TDI vapor 
w-k 5 Challenge #2 TDI vapor 
W-k 6 Challenge #3 TDI protein 

Thaee ph•••• are deecribed more completely below. 

Note: the day of the firet axpoeure wae ct•noted •• et\ldy day 0. 

Seneitizatic~ Ph••l 

to 

conjugata 

Kxpoeuree with the appropri•te TDI ieomer •• a vapor were adminietered to 
er.&ch group for three hour• per day on e•ch of five coneecutive day• 
(daye 0-4). 

ln4yction Ph11e 

••cb ant.al wae conventionally houeed for appro~imately two week•. 

ChalliNM Phlle 

Thi• pha .. wae conduct•~ identically for all four groupe and animal• w•re 
expoeed to the •- ieomar of TDI during ttach challtinge expoeure. Th11ee 
expceul:ae were etartacl between 12:00 p.a. and 4a00 p.m. eo ae to minimize 
the pot•ntial for di~rnal variation• in reepon••· 
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The event• during challenge that are a••ociated with re•piratory rate data 
collection are Mhown •chematically below. 

EVENTS DURING CHAlLENGE 

Atx:JIV4110N 

Procedurally, •ubgroup• of tour animal• (maximum) were placed individually 
into whole-body plethy~raph• on day 21. Sub•equent •ubgroup• (from the 
original group of 11 or 12 ani111al• that were given •en•itization 
exi,g~ure•) were challenged on daye 22, 23 or 24. Animal• wora allcwed to 
acclimate for thriie hour• under quiet •urrounding•. Monitoring of the 
re•piratory activity of each animal wa• then •tartad and wa• taken for 
approximately the next two hour• (pr .. xpo•ure period). Animal• were then 
expo•ed for approxir)ately 60 ainutee (expo•ure) and reapiratory rate 
monitoring continued for the en•uing 16 hour• (po•t-expo•ure) while 
aniaill• breathed conditioned roo• air. Thu• for e"'ch animal the 
re•piratory activity wae monitored continuou•ly for the preexpo•u.re, 
ex.,o•ure, and po•t-expo•ure period• (approximately 20-24 hour• of 
continuoue -a•ur ... nt ~ • rood and water were availabltt for .151 libitum 
coneu•ption after the end of expo•ure d~ring the challenge phaae. 
Approxiaately 24 houre after bein9 placed in the plethy.mcqraph• animals 
were r...oved and returned to conventional ho•.a•ing conditione. 

Animale we.re rechMllenged to the aame atmoephere approximately one week 
later (challenge week 2) and then challenged with t~e ~p~ropriate TDI-GSA 
conjugate during the following week (challenge week 3). The raqimen for 
• ·ach chalh•nqe with rttepact to expoeure duration and data collection wa• 
identical. After the third . challenge, aniaal• were •acrificed and 
necrop•ied. 

15 



lxpowyr•• a Generation and Monitoring 

lxpowyro Cbemher - Senwitizatign Ph111 

AnimllM were expo1ed in a no•e-only inhalation expo1ure chamber which had 
a nominal volume of 75 L. The•• chamber! are con1tructed of plexigla11, 
are cylindrical in de1ign, and have attached 1pecially de1igned guinea pig 
rewtrainer• with note cone• 10 11 to allow no•e-only expo1ure. The1e 
chi.IDberw were opf'!rated in 1 dyn1111ic mode ( ~on1tant airflow) and the 
airflow wa• monitored continuou1ly and recorded at five-minute interval• 
(L~tech 1oftware [8]). An exbau1t airflow of approximately 29 - 30 Lpm 
(23 - 24 chamber-volume chang•• per hour) wa1 u1ed and 1 1tatic pre1aure 
wa• maintain.ed at approximately -0.02 inch of water. 

lxpowyre Chamblr - Challenge Pha•• 

Ani mal• were houwed and expo1ed, unre1trained, in whole-body 
pletbyamographl. Thew• rectangular plethy1mograph1 bad 1 nominal volume 
of 2.0 liter• and were conwtru~ted of opa~~· plexigl111, with an internal 
food rewervoir and 1ource of drinking water (~ libitum after wxpowure). 
Plethywmographl were operated in 1 dyn1111ic mode ( conwt:ant airflow of 
1. 7 Lpm and 1 wtatic pr111ure of approximately -0.3 inch of water). 
Airflow wa1 recorded twice during the one hour expowure. Bach 
plethyamograph wa1 connected to 1 mixing chllllb<er (2 .0 L) and atmoapher•• 
were generated into thil mixing chamber for diatribution. 

Glneratign gf Tewt Sybatance Atmgaphere 

2,4- and 2,6-TDI were generated •• a vapor by 1 bubbler. Thi1 generator 
w11 maintained at 1 con1tant temperature of approximately JO•c during 
aenwitization expo•ur•• and 2s•c for challenge expo1ur••· Dried 
ca.pr111ed ~ir w11 wupplied with 1 flow of approximately 4 I.pm during 
••n•itization or 0. 3-0.5 Lpa during challenge. Th~ TDI-GSA conjugate• 
were generated 11 a liquid aero1ol in borate buffer (SO mM, pH•9.4, 1\ w/v 
wolution) uwing an air-blatt type gl111 nebulizer. Thi1 protein wolution 
wa1 delivered by a wyringe ~p (Razel Model A-99). 

Generator output wa1 mixed with conditioned room air at the chi.IDber 
<••n•it.bation) or •ixing chamber (challenge) inlet and total airflow• 
wer:<~ approximately 29 - 30 Lpa for wentiti&ation and 10 - 18 Lpll for 
challange. During 11n1itiaation expo1ure1 airflow• were monitored 
continuou1ly and were recorded at approxi•ately five-ainute interval• 
( Labt:ecb 1oft ware ( 8) ) • During the challeng• ph•••, airflow• were 
calibrated t.aediately before animal• were placed in plethy~mographw and 
were z:·ecorded twice during expo1ure. 

Analytical Cgncentratign 

Analytical concentrat ion• of cbi.IDber at1101phere1 were det~rmined by 
taapling during the expo1ure period. Chaaber concentrati~n• of TDI vapor 
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were quantified by rev•r•e-phaae high preaaure liquid chramatoqraphic 
analyeia of atmoaphcre impinger aamplea after derivat.i ... . 1 with N-4-
nitrobenayl-N-n-propylamine [ 9). Chamber concentration• of TDI-GSA 
conjugate were quantified gravimetrically after filter aampling (Millipore 
HAWO filtere, pore aiz~ • 0.5 ~. aampling flow rate waa approximately 
l. 7 Lpm). 

Unite of concentration 

All reference• to the concentration of the chamber atmoaphere are 
expreaaed •• ppm or ppb of TDI vapor or mg/m' of TDI-GSA conjuqate. 

Preparation and Characterization of the TPI-GSA Con1uqate 

Guinea piq eerum albumin {GSA) conjugate• of 2, 4-TDI and 2, 6-TDI were 
prepared by m•thoda previou•ly dca•cribed [ 10). After dialy•i• and 
lyophilization th• product wa• characterized a• to the percent 
•ubatitution of TDI onto GSA molecule•. Thia characterization wae 
perform••d by a TNBS derivitization method [ 11), and the re•ulte 
conaietently indicated a percent of eub•titution of approxLmataly 85\ for 
each conjugate. 

Pa[ticle Size Di•tribution 

The particle eize diatribution from expoaurea with 2, 4- or 2, 6-TDI wa• 
monitcred by a TSI ( 12) Aerodynamic Particle Sizer (Model 3310) and 
Diluter (Model 3302) interfacfJCS to an IBM PS/2-50. The particle e~ ize 

character of TDI-OSA atmoapher•• durinCJ challenge wa• a11•••••d durin<1 
preliminary run• in that it i• not po••ible to conduct the•• meaauz:11111ente 
during actual expo•ur•• involving ant.ala (eampling and flow requirement• 
are •ub•tantially diaparate). The mae• median aerodynamic diameter (MHAD) 
and the geometric atandard deviation (OSD) were calculated from the value• 
of cumulative percent ma••· 

Mpnitorinq of Ttmp~rature and Relatiye Humidity 

OUr de•ired rangea for chamber temperature and relative humidity were 20-
24•c and 40-60,, r•epectively. During ••n•i \ iaation •xpo•uree 
t:-peratur•• were taken by hand with a National In•tit. 1.te of Standard• and 
T•chnoloqy (ltiiT) certified thermometer at 30-•inute .tr~terval•. Relative 
h~idity monitoring wa• not done during expo•urea in that our Hygro•copic
Dielectric type •enaora are incampatible with i•ocyanate•. No •uitable 
•ub•titute• for the .. ••n•ora are available. 

During the chall•nge ph••• neither te•perature or RH were routinely 
..anitored. 
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Treatment pf Ch•mbftr lxhaywt 

lxhautt air from the expo1ure chamber• and plethy.· ~qraph• wat filtered 
through an activated-charcoal trap and a H!PA filte1 ~•fore it wat vented 
externally. 

Body W.ighti/Clinlcal ;Ugnt 

Individual body weightt and clinical obtervationt were recorded just prior 
to expoture on day• 0-4~ on dayt I •nd 14, and before a1 well a• after 
challenge in the whole-body plethytmographt. Additionally, clinical 
obtervation• were taken ju•t after •xpoture on dayt 0-4. 

Grg11 Pathglgqy 

Anilllalt were aacrific.ci by trantecting the potterior vena cava after blood 
collection. A complete gro11 necropty wat performed on each guinea pig 
which involved an examination of all organw, body cavitiet, cut wurfacet, 
external orifice•, and wurfacet. All gro11 abnormalitiet were recorded 
and telected tittuet wer• waved for pottible future analytil. 

S.tpiratory Meotyrementt 

Data COllectign 

Reepiratory A!:tivity wa1 meatured during each challenge (from 
plethywmographt) uting Validyne differential pr~••ure trantducert 
(Model Dp 45-16). The analog tiqnal wat amplified uting a Gould 2400S 
tytt.. and ¥at converted to a digital format uting a BUXCO ( BUXCO 
Electronic• Inc.) tyttem [13). 

Retpiratory activity wat r~corded by the BUXOO 1y1tem every 0.1 minute 
froa each animal during t:he preexpoture and expoture period• .. 
Gene.rally during the po1t-expo1ure period (typically one-half hour 
aftel:' end of expoture) the recording rat• wat ch&nged to one minute 
intervale and thit rate ·wat maintained until the end of data 
coil~tion. 

gas;a lyalyatipp 

The retpiratory rate wat wtatittically and graphically evaluated •• it 
it tho pri.aary indicator for a retpiratory wenti.thation retponwe. 
Phaaee of the phytioloCjfical rewponte during challenge have been 
deecribecl ae ·~iate-ontet, • occurrinq thortly after coaDencement 
of expoture,. and •delayed-onwet, • occurring to.e nour• (typically s-
15) after 'IXpoture ( •- tch- for •ev&ntt during challenge• vide 
tupra.' . AI animal• are continuoutly JDOnitored for approximately 
16 hour• after the wtart of expoture, detection of each phate of a 
potential retpon•• it pottible • 
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Reapiratory rate data are collected from the BUXCO ayatem (dBaae 
format ( 14)) and electrunically tranaferred into a Lotua 1-2-3 ( 15) 
apreadaheet. In thia format reapiratory rate data taken during or 
after expoaure from an individual animal may be compared to the mean 
reapiratory rate for that animal taken before expoaure (the 
preexpoaure period). Th••• compariaona are conaiatont with the achome 
for data ~nalyeia that haa been adopted by Karol at al. ~4,5). Mean 
pr .. ;,.poaure reapiratory rate valuea are uaed to discern a uaPO••• 
TKR~~eBOLD for a particular animal on an individual day of challenge. 
lxceeding thia threahold value ia taken aa an indicator for a 
hyperaenaitivity reaponae. Our apeci.fl.c criteria for id•ntifying 
reaponee11 are baaed on the work of Karol et al. (1-5). The•e a.re: 
li Immediat•-type hyperaenaitivity reaction: The animal will maintain 
a reepiratory rate greater than the reeponee threehold for at leaet 
three conaecutive minute• at aome point during the firat 0.5 huur of 
expoaure. Moreover, the ahape of the reaponae curve ia •uch that the 
reapiratory rate will riae from a near normal level to a level that ia 
above the thre•hold. 2) Delayed-type hyperaenaitivity reaction: The 
animal will euetain an increaae in reapiratory rate that ia above the 
reaponae threahold for at lwaat 15 conaecutive minutea. Thia increaae 
will occur at aome point that ia from 2 to 16 hour• after the atart of 
expoaure. lither an ~diate-type or delayed-type reaponae will be 
taken to auggeat •e~eitization by 2,4- or 2,6-TDI. Compariaon between 
r•aponaea trom control• and thoae from animal• expoa~d to 2,4- or 2,6-
TOI during the aenaitization and challenge expoaurea will be u•ed to 
identify true hyperaenaitivity reactiona. 

Batabliahing a R11ponte Thrllhold: Thh i8 a unique value that was 
determined each time an animal waa challenged. ~~. threehold value ie 
baaed on the average preexpoaure reapiratory rate for each animal. 
During the preexpoaure period reapiratory rate waa collected 
( 0. 1 minute aamplea) for at lea at two hour•. From thia data •et 
apurioua value• were removed and data waa ratained for a continuoua 
period of ttme, generally at leaat one hour in dur•tion, that appeared 
to ropreeent a quieacent period. Thia waa to eatabliah a baaeline for 
reference, and the mean and atandard deviation of thia continuoua data 
aet waa calculated. The limitll we have choaen to impoae on the 
reaponae thr•ahold value are 140-160 breatha/minute (bpm) 1 the 
threahold value will alway• be within thia range. Theee limit a are 
ca.pared with the calculated value• of th~ pr .. xpoaure mean + 3 SO and 
1.50' of the pr .. xpoaure mean. If either of the•• calculated valuea h 
within the range of 140·-160 BPK then it ia taken aa the reeponae 
threahold. If both are within the range or are either greater than or 
lower than thla range, than the value cloaer to the pr .. xpoaure mean + 
l SD la aelected. Thia threahold ~·alue ia compared to all of the 
expoaure and poat-expoaure data after &purioue point value• aro 
removed. Our criteria for aelecting a reaponae threahold ia 
conaiatent with that eatabliahed previoualy [ 4) wherein analyaiG of 
data from a large pool of control• indicated that a 3 so increaae from 
the .. an reapiratory rate waa equivalent to a 47' increaae. 
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Graphical Rtprtttntation gf Datta Rltpiratory rat11 are graphically 
reprtttnttd from tbt •tart of expoturt until the end of data 
collection. In each catt two grapht art includtdz 1) one that 
includtt the data from the expoturt period (one hour) plu• 
approximately the firtt 0.5 hour after thl end of expoturt (all data 
collected at 0.1 minute intervalt) and 2) one that prtttntt the poet
expoture period fr.om approximately 1. S hour after the I! tart of 
expotur~ until the end of dAta collection ( 1. 0 minute interval." for 
data collection). Th111 t.wo 9raph1 are to facilitat• the 
identification of iDDtdiate-type and delAyed-type hypertentitivity 
reactiont, retpectively. To prepare the data for graphing, firtt 
tpuriout pointt are removed, then in tequenct every pair of value• i• 
averaged together, thu• reducinC! the data 11t b~~ half, finally a 
moving average of groupt of 15 valuet are tequentially calculated ~o 
generate a ••t of llllOOthld data for graphing ( i. •. , graphing da.;~ 

point #1 it the mean of data valuet 1-15, graphing point #2 it the 
mean of valutt 2-16, etc.). The numerical manipulation• of data were 
performed on Lotut 1-:2-3 [ 15), while graph• were prepared uting a 
Matt-11 Draw package (Microtytttmt Engineering Corporation) after 
trantftrral of data fra. Lotut. Thit llll00thin9 of data prior to 
graphing it 1111ntial 10 at to pretent interpretable fi9'Ur••· Each 
graph cont.aint information tuch at the expoture .;:oncentration, the 
retponte thrtthold, and trendt in retpiratory race at a function of 
time from the ttart of expoaure. 

Statittical Aoalytit 

The retpiratory parameter• were trantferrld to dB••• IV [ 14) filet to 
delete thote parameter• not relevant to thit ttudy. Th111 dB••• f iltt 
were then trantferrld to a Lotut 1-2-3 [15) tpreadtheet to compute mean• 
and dttcriptive ttatittict. other detcriptive ttatittict were generated 
by Lotut 1-2-3 [15) at n.edld. 

Archiyal Prgcldurtt 

The protocol, raw data, a taaplt of the tett e ·:~bttance, and the final 
report will be archived at location• tpecifild by Milet Inc., Aqriculture 
Divition, Toxicology, 17745 South Metcalf, Stilwell, Kantat 66085-9104. 
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BIIUL%1 AID DIICQIIIQI 

Animal Cart '4Dd Houwing 

ContiD'.lOUI monitoring of tht room houwing quinta piga during thi1 etudy 
whowed that thtrt wtrt no dtviationl from tht dttirtd rang• for 
twmperaturw (18.3 to 25.5°C). on ••v•n ••par•.t• daye tht dtwirtd rang• 
for JU1 (40-7"0') wa1 IXCIIdtd by 1-3• •. Thill IXCUrliODI Wlrl from 1 to 
64 minut11 in duration. 

Ch•mptr Paramettrl 

T1111p9raturt 

Wttkly mwan value• for chambtr twmpwraturt during tht etneitization phaet 
(day• 0-4) from all groupe rangld from 22 to 23°C at indicattd btlow. 

Group 1: Wttkly 1111an 22"C (daily 1111an valUII rangtd from 22-23°C) 
Group 2: Wttkly 1111aD 22° C: (daily 1111an valu11 ranqed from 22-23°C) 
Group 3: Wttkly mwan 4!2•c (daily mwan valu11 Wlrl 22°C) 
Group 4: Wttkly mean 23•c ( tiaily mean valUII rangtd frOI'\ 22-24°C) 

Th111 chambtr temperature• wwr• all within our dttired rang• of 20-24°C. 

No routint monitoring of twmpwraturt wae dont during tht challengt phase 
of thi1 &tu.dy. 

I&Q?turt Concwntrationw 

Stpwitization Ph••• 

Individual analytically confirmtd TDI conctntr ation• art prtatnted in 
Apptndix I whilt daily and wttkly avtragt va lu11 art prwwwnttd in 
Table 1A. w .. kly avtragwe rangtd from 1.29 to 1.40 ppm for all groupe and 
day-to-day chamber conc1ntration1 1howed minimal varianct. ThO!I'I data 
indicatt tht operation of a wtablt and rwproduciblt qwnwratlon wyetam. 

Challtpqt! Pha11 

The choice of TDI concwntration during challtngt whould bt low wnough 10 
a1 to AYOid a 11010ry irritation type rttpon•• but high wnough to provoke 
a hyptrltnlitivity typt rttpon•• thould animal• be •ufficitntly 
prtditpottd. Concwntrationw of 2,4- or 2,6-TDt that wwrt uwtd during thi• 
wtudy wtrt conwietent with thoet u11d prtviouwly [4,1). 

Challtnge concwntration• for vaporou1 and GSA-conjugated TDI art prteenttd 
in Tablt 18 whilt individual valu•• .. Y bl found in Appendix III. Wtekly 
IDian value• wwre vtry contiltent and ran;td from 18 to 46 ppb for TDI 
vapor and fro. 18 to 25 faCJf•J lor thl GSA-conju;at•. Tht challenge 
concwntrati0¥\1 achitvtd art rou;~aly 30 to 70 t11D11 lowtr than the mean 
••ntiti&Ation concwntrationt. 
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Particle Si&l Cbaracteritt~ 

In that it it not pbytically po11iblt to meature the aerotol particle 1iz1 
dittribution during actual challenge pha11 expoturel, th111 meaturament• 
were performed duri.ng preliminary 1tudi11. The condition• u11d for 
aero1ol generation were varied 10 a1 ~o inv11tigate the array of particle 
1iz1 di1tribution1 that wert available. A mttt'.od for generation wa• 
ultimately identified that produced a tmall particle aizt diltribution, 
with the appropriate concentration, and thi1 method wa• uted during all 
challenge expoaur11 involving the TDI-GSA conjugate. 

A 10lution of 1\ GSA in borate buffer (SO mM, pH•9.4) wa• generated for 
calibration and the TSI Aerodynamic Particle Sizer waa uaed to monitor 
particle tize diatributiona from a p1ethy•mograph. The airflow dynamic• 
(delivery from mixing chamber) for operation of thi• pletbyamograpb were 
1imilar to tho11 uaed during challenge expoaur11 to animal•. MMAD value• 
appeared to be concentration dependent and ranged from 0.87 to 0.94 /Jm 
(GSD valu11 wert all in the range of 1.3 to 1.4). 'htul the TDI-GSA 
aerotol genorated wa1 eatily re1pirablt by guinea pigt. 

Biologic Obteryationa and Meaturtmer~ 

Clinical ~Obteryation• 

All 1ign1 obae~ved wert contidtred to be expoture-related and with the 
exception of one animal trom group 4, all 1ign1 were obaerved during th• 
11n1itization expo•ur11 (day• 0-4). Rapid difficult breathing waa 
ob11rvad on day 2 from two animal• (#46, #51) of group 3. Ataxia wae 
obterved on day 0 from one an Lmal (#59) of group 2, and trCf'!lor• were 
obaerved from tbr- animal• (#59, #61, #65) of group 2 and ~· : 11 animal 
(#51) of group 3 at varioua ttme1 from day 0 to day 4. 

Contratting with all other obttrvationt, one animal from group 4 (#105) 
abowed clinical obterv•.tione thortly after. the etart of the third 
cbal.l~nge expoturt. Th111 eign• included laborad abdominal breathing and 
a yellowith-brown ditcharge about the rottrum and mouth. Thi1 condition 
rapidly progr•••ed to what appeared to be a comato11 atate and at tbie 
point th• animal wae removed from the plethy•mQ9raph. 

1.25.\Y W.iqbt 

A lu.m&ry of the body weight data col:ectld il pretented in Table 2, while 
individual valuet are pretentld in Appendix II. Th111 data indicate that 
with the exception c.f animal• from group 3 on day 4 of ltntitization, all 
group1 thawed wei~t gain at each timepoint through day 14. It it alto 
noted that animal• from all group• lott a tubttantial amount of weight 
dur lng t .he cour11 of each challenge. 
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Mortalitiet and Replactmtnt ~ 

Two expoture-related mortalitiet occurred; one each on dayt 0 and 1 
(groupt 1 and 3, retpectively). A total of two animal• were replaced; one 
each from groupt 1 and 4 (the group 4 animal wat mod.bund after the f iret 
expoture and therefore wa~ replaced). Thete animal& were replaced before 
the t t a rt of ex.poture on day 1. Replacement animalt we!:"e taken from the 
tame original thipment of animals, and had been given identical care and 
acclimation to our facility 11 originaJ.l group membert. It it noted that 
the replacement animalt received only four out of five aentitization 
expoturet; however, retpontet from thute animal• upon challenge were 
indittinquithable from other animal• from thete groupt. 

Grou Pathology 

Each animal wat groat necroptied after the final ch-llenge and the table 
below pretentt each obtervation. 

Group l Group 2 Group 3 Group 4 
Obltrvation n•l2 n•12 n•ll -21-~..u__ 

No Gro.tt Letiont 12 10 10 6 

Red Zonet in Lunge 1 5 

Pink/Tan zone• in Liver 2 1 1 

Col.:~n Re ddened l 

The•• f i ndinge f rom g.:-oupr; .l, 2, and 3 were unremarkable. The inc rea•• in 
mu lt iple red :tonee from lungt of animal• froM group 4 may tuggett that 
2 , 6- TD I it elightly more irritating than 2,4-TDI. 

~~ological Indication• of HVQ1[ttptitiv~ 

Retponte thrtthold valuet were not ditparate between ~roupt. Average 
retpon•e threthold valuet froca each of t:he four grouplli (meant of a l l 
animalt from all thr .. wtekt of challenge) wt~• 146, 146, 144, and 144 bpm 
(groupt 1- 4, retpectively). Individual rtt~nte thrtthold valutt are 
pretented in A~ndix III . Thit information indicattt that the criteria 
uted to attett hyperttntitivit .y rtactiorat wat n,t diatimilar between 
groupt. 

A au!IIDiry of the incidence of tutpected hyperttntitivity rttpontta from 
all groupt it pretented in Tablt J , while individual retponse~ a r e 
identified in Ap~ndix III. ThiD table identifiet both Lmmediate- at l 
a • d e l Ayed- type retpontet. Additionally, individual retpir.atory r att 
pat·t ernt dur. i.ng the expoture and pott-expoture periodt of each challtrg.
r.onduc~ed during thit tt\:!dy art pretented in rigur•• 1 - 141 (information 
it inc~uded on aach fi.gurt concerning expoture concentration , llu imal 
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numt•e:t", re•pon•• thre•hold, and etc.; ••• the "Guide to Figure•" for more 
explanation). 

A• indicated in Table 3 •u•pected immediate-typ• hyper••n•itivity 
reaction• were ob•erved from each group on each wtaek of chal l enge. 
Difference• between group• with re•pect to the incidence• of the•• 
au•pected reaction• were minima:\.. For each group the challenqe on week 3, 
involving expo•ure to the TDI-GSA conjugate, provoked ar. equal or greater 
incidence of •u•pected immediate hyper••n•itivity reaction• a• did 
challenge either on week 1 or week 2 (TOI vapor). It i• noted that one 
animal from group 4 (#105) •hewed what appeared to be an anaphylactoid
t ype re•pon•• upon expo•ure during challenge fnr the third time ( aee 
Clinical Ob•ervation• ••ction) . Thi• animal wa• removed from the 
plethy•moqra.ph nine minute• after the •tart of expoaure in what appeared 
to be a comato•e-like condition. Thi• ani.Jrial wa• revived and replaced 
into thfi plethy•mograph after the end of. the expo•ure period for 
monJtoring of delayed-typA re•pon•••· Thi• 6pi•ode w&• taken to indicate 
a po•itive immediate-type :e•ponae. 

A •ub•tantial incidence of •u•pected delayed-type hyper•en•itivity 
reaction• were ob•erved from each group of animal• on each week of 
challenge with one exception; no re•pon•e• wer• ob•erved from group 3 
animal• on the firat week of challenge. In contra•t to the incidence of 
•u•pected immediate-type reactlc;m•, the incidence of e.u•pected delayed
type reaction• wa• not con•i•tently higher on challenge week 3 by 
compari•on with week• 1 and 2. No •ubatantial difference• between group• 
with re•pect to the incidence of •u•pected d'"layed-t.ype hyperaeneitivity 
r••pon••• waa noted. 

one indication that a •u•pected re•ponee may be the con•equence of 
authentic hyper••n•itivity ia a recurre•'lce of a particular type of 
re111ponae during our regimen of three indi• . .tdual challengea. Table 4 
preaenta the incidence of repeatecS immediate·· aa well aa delayed-type 
•uapected hypereen•itivity re•pon••• from •ach of the four group•. To be 
included in thi• incidence table a part.icula.r animal mu•t have ahown the 
aaae type of •u•pected re•pon•• on at lea•t two out of the three 
challenge•. Thi• table indicate• that more an.imal• con•iatently •hewed 
delayed-type rather than immediate-type reaction• and that few diff ~encea 
in incidence were app~rent between group~. 

SuiDIDarily th••• data •ugqe•t that both 2, 4- and 2, 6-TDI may have the 
potential to ••n•itize guinea pig• and that either of the•• TDI-iaomera 
~~~ay be u•ed to a••••• hyper••n•itivity reaction• from guinea pig• thAt 
were previou•ly expo•ed to (and potentially ••n•itized with) either 2,4-
or 2, 6-TDI. rev · difference• were ob•erved in the extent of •u•pected 
hyper••n•itivity reaction• between group• thet were expo•ed to 2,4 or 2,6-
TDI. The tr1.1e in<:idence of hyperaen•itivity reaction• may only be 
authenticated by compariaon of data from the current qroup11 with 
information fro. appropriate cuntrol group• (including group• that were 
•ha.-aen•itized with room air and challenged with either 2,4- or 2,6-TOI 
in a manner that ia identical t" tho•• pz·ecaented in thi• report) . 
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The potential for 2,4- and 2,6-TDI to induce respiratory sensitization in 
male quinea pigs was evaluated. Pour groups were tested including animals 
that were inj,tially given sensitization or induction exposures with one 
isomer and were subsequently challenged with either the same or the 
alternative isomer. Bach animal was challenged three time• (at one week 
intervals) with the same isomer - twice as a vapor and once (the final 
challenge) as the GSA conjugate. Sustained incre•aea in respiratory rates 
were tAken aa indicators for illlmediate-type and delayed-type responses. 
Few clinical signa or substantial differences in weight-gain between 
groups were noted. The group given sensitization aa well aa challenge 
exposures to 2,6-TDI showed the only outstanding incidence of lesions at 
necropay1 red zones in lu••9•· A aJ.JIIilar incidence of suspected immediate
and delayed-type hypersensitivity reaponaea were observed from each group. 
Animal• appeared to demonstrate more delayed-type rather than immediate
type suspected responses. These data suggest that guinea pigs may become 
aenaitized to either isomer of TDI, and that each iaome~ of TDI may be 
uaed to aaaftaa hyper~~~•itivity reactions after prior exposure to either 
TDI isomer. This atudy waa conducted to compare iaomer-apecific response 
pattern• from animals given expoaurea to either 2,4- or 2,6-TDI, however, 
in that no true controls were conducted during this study, none of the 
auapect;Jd hyperaenaitivity t'•apona.aa obaerved here may be authenticated. 
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<;enaitization 
pay 

0 

1 

2 

3 

4 

Mean 
SD 

Table lA 

Chaaber Cooceotratiooa of 2,6- or 2,6-TDI 
Duriog aeoaitisatioo 

study Muaber 91-366-Ka 

Group 1 Grcup 2 Grou p 3 

2,4-TDI 2,4-TDI 2,6-TDI 
(ppm) (pAP) ~L 

l. 51 1.80 l. 79 

l. 35 1.02 l. 73 

1.23 1.08 1.25 

1.20 1.20 1.19 

1.27 1.33 1.04 

~.31 1.29 1.40 
0.12 0.31 0.34 

SD • Standard Deviation 

27 

Group 4 

2,6-TDI 

--LmlmL 

l. 57 

1.43 

1.13 

1.28 

1.33 

1.35 
0.16 



Table 1a 

Su..ary of Pl•tbr•.ovrapb 2,t- or 2,6-TDI CoDc•r.tratioD• 
DuriD9 Cball••v• 

studr ~r tl-ltt-KR 

Chall•nqe Chall•nq• conc•ntration 
Sii:2..YR Atmopphen Wttk n• (MilD + SQ) 

1 2,4-TOI 1 12 21 ± 11 ppb 
2,4-TOI 2 12 18 ± 10 ppb 

2,4-TOI-GSA 3 12 18 ± 4 mqfml 

2 2,6-TDl 1 12 32 ± 11 ppb 
2,6-TOI 2 12 19 ± 6 ppb 

2 , 6-TDI-GSA 3 12 20 ± 8 mq/m 3 

3 2,4-TOI 1 11 28 ± 17 ppb 
2,4-TDI 2 11 25 ± 15 ppb 

2,4-TDI-GSA 3 11 20 ± 5 mqfml 

4 2,6-TDI 1 12 46 !:.. 18 ppb 
2,6-TOI 2 12 32 ± 12 ppb 

2,6-TDI-GSA 3 1.2 25 + 6 mqfml 

SD • St•ndard D•viation 
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'rable 2 

s__..rr of Bodr Weigbta DuriDg a aeepiratorr leneitiaation ltudr 
witb 2,t- o~ 2,6-TDI 

ltudr •uab•r 91-ltt-Ka 

Mean Weight 

Initial Analyaia of Body Weight• (g) Change During 

Body Weight 121! gf UYs1! 1 ~biUIDSII ( g I 2 

~- Range _JL_ ___J_ _J_ 14 Wtlk 1 Wtlk 2 Wtlk 3 

1 

2 

3 

4 

261-280 Mean 
so 
MC 

294-345 Mean 
SD 
MC 

332-361 Mean 
SD 
MC 

262-289 Mean 
SD 
MC 

SD • Standa~d Deviation. 
MC • Mean Chanqe. 

269 283 
6 8 

14 

311 315 
18 17 

4 

350 348 
9 11 

-2 

279 288 
8 13 

9 

1 • Day 0 denote• firat day of expoeure. 

311 363 -27 -28 
10 12 
28 52 

331 382 -28 -28 
27 28 
17 51 

381 437 -37 -39 
14 22 
33 56 

326 372 -30 -36 
16 20 
37 46 

a • Av•ra9•• are preaented for all anialala challenged in a 9iven weak. 
Value• indicate the body wei9ht chan9• that occur• durin9 the time 
that an~l• are houeed in plethyamoqraph•. ror individual data ••• 
Appendix I. 
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Group 1 

~able 3 

Iacid .. ce of •••pected Brper•ea•i~i•i~r 
a.•poa•e• Ob•er.ed DuriDg Cballeage 

Incidence of Sy•ptcted Re•pon•e• 
Wk. 1 Wk. 2 Wk. 3 Wk. l Wk . 2 

IppUate Qelayed 

1/11 1/12 4/12 5/10 3/11 
(2,4-TDI/2,4-TDI)** 

Group 2 2/12 3/11 4/11 4/12 3/12 
(2,4-TDI/2,6-TDI) 

Group 3 1/11 5/10 5/ 10 0/9 5/11 
(2,6-TDI/2,4-TDI) 

Group 4 1/12 3/12 5/11 ., /12 3/10 
(2,6-TDI/2,6-TDI) 

Wk. 3 

4/12 

4/12 

7/11 

6/12 

* Re•pon•e• during each week of challenges number of animal• •hawing 
re•pon••/group aize. 

** I•omer u•ed for •en•itization/challeng• expo•ur••· 
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Table 6 

Iacideace of aepaa~ed Bypar••a•i~iYi~r 
a.•poa••• Ob8erYed During Tbe Challenge Ph••• 

Incidenc•* 

Group l 1 [&\ J 3 [25\} 
(2,4-TDI/2,4-TDI)** 

Group 2 2 [ 18•.) 4 (33\) 
(2,4-TDI/2,6-TDI) 

Group 3 3 [30\) 5 [45\) 
(2,6-TDI/2,4-TDI 

G1raup 4 2 [18\} 6 [SO\} 
(2,6-TDI/2,6-TDI) 

* Number of animala ahowing the •ame type of reaponae during two out of 
the thr .. challenge epi•od••· 

** taomer u•ed for aenaiti~ation/challenqe expoaurea. 
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GVID.'I m PIGVU8 

One page of PiC}Ure• i• pre•ented for each challenge of each animal. 
Included are •eparate graph• for approximately the fir•t 1.5 hour• after 
the •tart of expo•ure and a •econd graph for the remaining duration of 
data collection. The•e ar• pre•ented •eparately •o a• to facilitate 
identification of immediate-type and delayed-type re•pon•e•, re•pectively. 
The re•pon•e thre•ho1d i• indiceted on each graph and the actual expo•ure 
concentration for the indicated animal i• •hown within a •haded area that 
indicate• the actual ttme of expo•ure. Al•o included on each Piqure i• 
information regarding the animal challer..ged and the atmo•phere 
compo•ition• for •en•itization and challenge expo•ure•. 

Bach Piqure i• •eparately numbered from 1 to 141. They are pre•ented in 
the order of group• 1 - 4, and, for each group data for the fir•t week of 
challenge• are pre•ented in cequence and the•e are followed by data from 
the •econd and then finally the third week of challenge. The following 
table identifie• figure number• that are a••ociated with each group. 

~ Figure No. 

1 1 - 36 
2 37 - 69 
3 70 - 105 
4 106 - 141 
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Figure: 2 
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Figure: 3 
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Figure: 5 

Study Number 91-344-KR 
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Figure: 6 
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Rgure: 7 

Animal I 34 : 2,4-TDI Sensitization 
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Figure: 8 
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Animal I 36 : 2,4-TDI Sensitization 
Figure: 9 2,4-TOI Challenge Week 1 
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Animal 138 : 2,4· TOI Sensitization 

Figure: 10 2,~ TOI Challenge Wesk 1 
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Animal I 39 : 2,4-TDI Sensitization 
Figure: 11 2,4-TOI Challenge Week 1 
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Animal II 40 : 2,4-TDI Sensitization 
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Animal I 28 : 2,4c TDI Sensitization 
Figure: 13 2,4-TOI Challenge Week 2 
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Animal I 29 : 2,4-TOI Sensitization 
Figure: 14 2,4-TOI Challenge Week 2 
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Figure: 15 

Study Number 91-344-KR 
Animal I 30 : 2,4-TOI Sensitization 
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Animal I 31 : 2,4-TDI Sensitization 
Figure: 16 2,4-TDI Challenge Week 2 
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Anlm.al I 32 : 2,4-TDI Sensitization 
Figure: 17 2,4-TOI Challenge Week 2 
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Figure: 18 
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Figure: 19 
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AnlmaJ ## 35 : 2,4 .. TDI Sensitization 
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Animal #I 38 : 2,4-TDI Sensitization 
Figure: 21 2,4--TOI Challenge Week 2 
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Figure: 22 
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Animal I 39 : 2,4-TOI Sen&ltlzation 

Figure: 23 2,4-TDI Challenge Week 2 
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Animal I 40 : 2,4-TDI Sensitization 
Figure: 24 2,4-TOI Challenge Week 2 
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Animal I 28 : 2,4-TDI Sensitization 

Figure: 25 2,4-TDI-GSA Challenge Week 3 
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Figure: 28 2,4-TO I-GSA Challenge Week 3 
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Animal I 30 : 2,4-TOI Sensitization 

Agure: 27 2,4-TO I-GSA Challenge Week 3 
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Animal I 31 : 2,4-TDI Sensitization 
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Figure: 80 
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Study Number 91-344-KR 
Animal# 53: 2,6-TDI Sensitization 

Figure: 81 2,4-TOI Challenge Week 1 
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Figure: 82 2,4-TDI Challenge Week 1 
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Study Number 91-344-KR 
Animal # 55: 2,6-TOI Sensitization 

Figure: 83 2,4-TDI Challenge Week 1 
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Figure: 85 
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Animal# 46: 2,6-TDI Sensitization 

Figure: 86 2,4-TDI Challenge Week 2 
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Animal# 47: 2,6-TDI Sensitization 

Figure: 87 2,4-TOI Challenge Week 2 
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Animal # 48: 2,6-TOI Sensitization 

Figure: 88 2,4~ TOI Challenge Week 2 
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Figure: 89 
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Figure: 90 
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Animal# 52: 2,6-TDI Sensitization 

Figure: 91 2,4-TDI Challenge Week 2 
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Animal# 53: 2,6-TDI Sensitization 
Figure: 92 2,4-TDI Challenge Week 2 
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Study Number 91-344-KR 
Animal# 54: 2,6-TDI Sensitization 

Figure: 93 2,4-TDI Challenge Week 2 
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Animal # 55: 2,6-TDI Sensitization 

Figure: 94 2,4-TDI Challenge Week 2 
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Study Number 91-344-KR 
Animal I 44: 2,6-TDI Sensitization 

Figure: 95 2,4-TO I-GSA Challenge Week 3 
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Animal # 45: 2,6.,TDI Sensitization 

Figure: 96 2,4-TDI~GSA Challenge Week 3 220 
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Figure: 97 
220 

200 

180 

160 

1.0 

120 

100 

80 

60 

20 

Study Number 91-344-KR 
Animal I 46: 2,6-TDI Sensitization 
2,4-TDI-GSA Challenge Week 3 

0~~----------~~----------_.----------~ 
0.0 0.5 1.0 

2~----------------------------------------------

Response Threshold 
- - · --- ·---- ------------------

0~~--------_. __________ L---------~----~ 
1.5 ••• 11.15 , ... 

Time From Stilt ot E,.,aeure (houre) 

129 



I 
J 

I 

Study Number 91-344-KA 
Animal# 47: 2,6-TDI Sensitization 

Figure: 98 2,4-TO I-GSA Challenge Week 3 
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Figure: 99 
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Study Number 91-344-KA 
Animal # 49: 2,6-TOI Sensitization 

Figure: 1 00 2A-TDI·GSA Challenge Week 3 
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Animal# 51: 2,6-TDI Sensitization 

Figure: 1 01 2,4-TO I-GSA Challenge Week 3 
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Study Number 91-344-KR 
Animal # 52: 2,6-TDi Sensitization 

Figure: 1 02 2,4-TDI~GSA Challenge Week 3 
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Study Number 91-344-KR 
Animal# 53: 2,6-TDI Sensitization 

Figure: 1 03 2,4-TDI-GSA Challenge Week 3 
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Animal I 54: 2,6-TDI Sensitization 

Figure: 1 04 2,4-TO I-GSA Challenge Week 3 
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Figure: 1 05 2,4-TDI-GSA Challenge Week 3 
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Animal # 93: 2,6-TDI Sensitization 

Figure: 106 2,6-TDI Challenge Week 1 
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Figure: 107 
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Animal # 95: 2,6-TDI Sensitization 

Figure: 108 2,6~TDI Challenge Week 1 
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Animal# 97': 2,6aTOI Sensitization 

Figure: 1 09 2,6-TOI Challenge Week 1 
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Animal I 98: 2,6-TDI Sensitization 
Figure: 11 0 2,6-TDI Challenge Week 1 
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Animal I 99: 2,6-TDI Sensitization 

Rgure: 111 2,6-TDI Challenge Week 1 
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Animal # 1 00: 2,6-TOI Sensitization 

Figure: 112 2,6-TDI Challenge Week 1 
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Animal I 1 01 : 2,6-TDI Sensitization 

Rgure: 113 2,6-TDI Challenge Week 1 
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Animal I 1 02: 2,6-TOI Sensitization 

Figure: 114 2,6-TDI Challenge Week 1 
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Animal # 1 03: 2,6-TDI Sensitization 

Figure: 115 2,6-TOI Challenge Week 1 
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Anirnal # 1 04: 2,6-TOI Sensitization 

Figure: 116 2,6-TDI Challenge Week 1 
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Animal# 105: 2,6-TDI Sensitization 
Figure: 117 2,6-TDI Challenge Week 1 
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Figure: 118 2,6-TDI Challenge Week 2 
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Animal # 94: 2,6-TOI Sensitization 
Figure: 119 2,6-TDI Challenge Week 2 
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Study Number 91-344-KR 
Animal # 95: 2,6-TOI Sensitization 

Figure: 120 2,6-TDI Challenge Week 2 
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Figure: 121 2,6-TDI Challenge WfJek 2 
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Study Number 91-344-KR 
Animal # 98: 2,6-TDI Sensitization 

Figure: 122 2,6-TOI Challenge Week 2 
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Animal I 99: 2,6-TDI Sensitization 

Figure: 123 2,6-TDI Challenge Week 2 
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Figure: 125 2,6-TDI Challenge Week 2 
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Study Number 91-344-KR 
Animal# 102: 2~6-TDI Sensitization 

Figure: 126 2,6-TDI Challenge Week 2 
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Study Number 91-344-KR 
Animal # 103: 2,6-TOI Sensitization 

Figure: 127 2,6-TDI Challenge Week 2 
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Study Number 91-344-KR 
Animal# 104: 2,6-TDI Sensitization 

Figure: 128 2,6-TOI Challenge Week 2 
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Study Number 91-344-KR 
Animal # 1 05: 2,6-TDI Sensitization 

Figure: 12P 2,6-TOI Challenge Week 2 
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Study Number 91-344-KR 

Animal# 93: 2,6-TDI Sensitization 
Figure: 130 2,6-TO I- GSA Challenge Week 3 
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Study Number 91-344-KR 

Animal# 94: 2,6-TDI Sensitization 

2,6-TDI-GSA Challenge Week 3 
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Study Number 91-344-KR 
Animal # 95: 2,6-TDI Sensitization 

Figure: 132 2,6-TDI-GSA Challenge \\leek 3 
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Study Number 91-344-KR 
Animal # 97: 2,6-TOI Sensitization 

Figure: 133 2,6-TO I-GSA Challenge Week 3 
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Study Number 91-344-KR 
Animal II 98: 2,6-TOI Sensitization 

Figure: 134 2,6-TO I-GSA Challenge Week 3 
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Study Number 91-344-KR 

Animal# 99: 2,6-TDI Sensitization 
Figure: 135 2,6-TDI-GSA Challenge \M~tek 3 
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Study Number 91-344-KR 
Animal I 100: 2,6-TDI Sensitization 

Figure: 136 2,6-TDI-GSA Challenge Week 3 
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Study Number 91-344-KR 

Animal # 1 01: 2,6-TOI Sensitization 
Figure: 137 2,6-TDI-GSA Challenge Week 3 
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Study Number 91-344-KR 

Animal # 1 02: 2,6-TDI Sensitization 

Figure: 138 2,6-TDI-GSA Challenge Week 3 
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Study Number 91-344-KR 

Animal # 1 03: 2,6-TOI Sensitization 

Figure: 139 2,6-TO I-GSA Challenge Week 3 
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Study Number 91-344-KR 
Animal # 1 04: 2,6-TDI Sensitization 

Figure: 140 2,6-TDI-GSA Challenge Week 3 
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Study Number 91-344-KR 
Animal t# 1 05*: 2,6-TDI Sensitization 

Figure: 141 2,6-TO I-GSA Challenge Week 3 
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AppeDdh I 
Cba.ber coucen~ra~iona of TDI Dgriog 8e.-ai~iaa~ioD 

•~Qdy Wuaber 91-ltt-KR 

Day of Study 
Concentrati~n (ppm) _Q_ _1._ ___.L ., _L - "'·-

Group 1 (2,t-TDI) 
1.26 1.23 1.16 1.14 1.2 1 
1.43 1. 32 1.20 1.13 1. 2 2 
1.53 1.35 1.28 1.20 .23 
1.60 1.29 1.26 1.27 . 25 
1 .64 1.44 1.20 1.23 l. :H 

Lll .L.ii L.ll Ln .Ll.§ 
Daily Melln 1.51 1.35 1.23 1.20 1.27 
Daily so 0.15 0.09 o.os 0.05 0. 07 

Group 2 (2,t-TDI) 
1. 75 1.00 1.02 l.ll 1. 36 
1.80 1.06 1.06 1.15 1.27 
1.98 1.02 1.06 1.14 1.36 
1.45 1. 01 1.18 1.17 1.35 
1.89 .97 1.10 1.28 1.32 

.Lll .L..Ql .L..Ql L..ll L.ll 
Daily Mean 1.80 1.02 1.08 1. 20 1.33 
Daily so 0.19 0.03 o.os 0 .10 0.03 

Group 3 (2,6-TDI) 
1.83 1. 53 1.15 1.18 .99 
1.83 1.54 1.20 1.15 1.02 
1. 59 1.42 1.18 1.27 1.03 
1.85 1.48 1.22 1.14 1.07 
1. 78 2.14 1.41 1.23 1.06 
1.88 2.28 1 . 25 

1.30 1. 22 1.06 
1.17 1.12 1.04 

L..ll L.2i 
Daily M•an l. 79 1. 73 1.25 1.19 1.04 
Daily SD 0.10 0.3Y 0.09 o .. os 0.02 

Group t ( 2,6-TDI) 
l. 52 1. 34 1.04 1.20 1.33 
1.57 l..U 1.08 1.24 1.35 
1.61 1.44 1.18 1.28 1.37 
1.56 .1.41 1.13 1.35 1.14 
1.60 1. 40 1.18 1.39 

.L.ll 1....!1 L.ll .L.ll .l....ll 
Daily Mean 1 . 57 1.43 1.1.3 1.:28 1.33 
Daily so 0.03 0.05 0.06 0.06 0.10 

SD• Standard Deviation 



Animal 
~ 

28 
29 
30 
31 
32 
33 
34 
35 
36 
38 
39 
40 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

Appeadh II 

IadiYidual Body Weight• (g) of Guiaea Pig• Uawd Duriag 
Thia aeapi~atory. Seaeiti•atioa Study 

f2n I.!SmliYE:• D.t:t ~lllll.•n!il• w••ll.* 
_Q ....i _l ll 1 2 3 

Group I (3,,-'l'DI Seaeit!.•atioa, 3,,-'rDI Challeage) 

266 ~75 305 355 411 375 457 422 480 
262 280 308 347 392 368 426 399 474 
267 272 301 353 390 356 427 395 463 
275 287 314 376 425 386 477 452 535 
274 286 312 354 402 378 442 413 484 
267 282 307 370 447 429 488 472 536 
273 286 322 386 45 .) 420 518 478 590 
230 298 328 3'11 H6 416 494 465 541 
263 273 301 350 429 400 474 458 535 
273 288 311 370 4SO 426 504 478 564 
261 274 296 355 429 40~ 486 453 536 

291 321 367 446 433 513 485 561 

Group II (3,t-'l'DI Seneitizatioa, 3,6-~I Challenge) 

298 303 319 367 409 393 452 439 498 
305 309 333 384 426 412 488 464 524 
297 303 327 371 420 390 480 435 528 
294 291 319 353 41<& 380 463 439 506 
308 317 335 380 442 41~ 497 477 565 
332 322 349 398 469 425 523 SOJ 582 
345 3U 374 425 485 446 545 494 594 
302 299 308 364 417 400 4'76 456 532 
296 306 315 J !i .& 394 361 443 399 479 
300 309 278 340 3')8 384 442 430 508 
31 5 328 348 4C5 471 441 493 470 556 
340 348 372 434 512 474 550 514 602 

*Pre-challenqe and po•t-challen~e weiqhte are •hown. 
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457 
438 
437 
501 
449 
501 
541 
501 
491 
514 
492 
519 

457 
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490 
482 
531 
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547 
496 
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Animal 
NYmbtr 

44 
45 
46 
47 
48 
49 
51 
52 
53 
54 
55 

93 
94 
95 
97 
98 
99 

100 
.101 
l.J2 
103 
104 
105 

Appeodix II (CODtioued) 

Iodi•idual Body Weigbta (9) of Guioea Piga Uaed Duriog 
Thia ae~pirato;:y aeoa.i.tiaatioo lltudy 

i!21t l~m21YU DA:£ ~b1U1og1 "!115* 
_Q ....i ..J_ ll 2 

Group III (2,6-TDI aeoaitiaatioo, 2,•-TDI Challeoge) 

350 357 380 445 4CJ5 563 530 627 
344 350 380 4~7 494 556 513 620 
332 333 360 413 464 514 482 580 
358 356 404 479 563 628 564 692 
348 350 389 447 547 501 602 563 658 
344 335 J 63 417 496 451 569 510 598 
358 354 387 461 556 498 620 576 668 
352 345 372 437 499 467 536 528 585 
343 332 372 411 490 463 550 511 589 
359 351 384 422 502 476 538 508 581 
361 368 400 451 552 527 614 576 627 

Group IV (2,6-TDI aeoaitiaatioo, 2,6-TDI Cballeoge~ 

283 301 327 369 420 393 468 430 531 
278 291 345 404 479 425 540 493 603 
289 303 335 356 412 386 450 423 475 
289 308 351 397 450 428 508 470 560 
262 269 305 348 404 378 465 442 522 
287 294 336 381 430 401 495 450 541 
280 287 309 364 405 390 470 437 525 
285 297 332 394 461 426 522 478 574 
273 279 321 373 453 426 522 492 559 
271 282 33:i 370 444 417 521 470 578 
27!1 275 ;j ll 367 44J 403 479 443 516 

272 303 335 393 362 434 417 482 

*Pre-challenge and po•t -·challenge we ighta are ahown. 
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AppeDdi.z I II 

&aiaal DepeDd-t Byper•-•iti•itr aeapoDae IDcicteDce, ... poDae 'l'breabolct 
Valuea, acct azpoaure CODceDtratioDa DuriDg CballeDge 

Group 1 - l,t-TDI .. DaitiaatioD/2,,-TDI CballeDge 

studr ~r 91-3,,-Ka 

I...ctiat• or Delarect ... poD••• 

Animal No. ...a _n _.1Q _ll ...11 ...ll ...1.4 ....ll ~ ~ _li ...JQ 

Challenge Wk. 

Week 1 I/D -I- -/D 0/0 -I- -/D -/D -I- -·/- -/0 -/D -I-

Week 2 -I- -I- -/D -/D -/0 -I- -I- -/0 -I- -I- I/- -I-

Week 3 -I- -I- I/0 -I- -I- -I- I/D -I- -I- I/D I/D -I-

... poDae 'l'breabo1ct Value• 
.... .., 

Week 1 140 150 160 140 140 160 149 143 152 141 160 ... -
W..k 2 140 155 140 140 158 140 140 H4 140 140 150 145 

W..k 3 160 143 140 153 147 140 140 140 143 140 140 140 

Bzpoaure CODceDtrationa 

W-k 1 (ppb) 10 8 19 10 18 15 47 25 33 23 26 18 

Week 2 (ppb) 17 10 13 10 24 42 12 13 13 11 33 18 

Week 3 (1119/m,) 16 12 12 14 20 25 19 20 23 20 17 16 

No response 
I = Immediate response 
0 = Delayed response 
0 : No data 



&ppeDclix III (CoDtiauttd) 

ADiMal Dapendeat Byperaeaaiti•itr a.apooae Iocideace, a.apooae Tbreabold 
Yaluea, aDd a.poaure Cooceatratiooa Durieg :balleoge 

Qroup 2 - l,,-TDI .. Daitiaatioo/1,6-TDI Cballeoge 

atuar ~r 91-l,t-Ka 

I..ediate or Delared a.apgoaea 

Aniaal No. _ll ~ J.l ....ll ....il _2! .M ~ ~ ...il _ll_ ....lQ 

Challenge Wk. 

Wcwk 1 -/D -/D 
_,_ 

-I- I/- -/D -I- I/- ·/- . -I- -I- -/0 

Waek 2 -I- -/D -/D 1/- -I- -I- 0/- 1/D -I- -I- I/~ -I-

Week 3 0/rJ -I- -/D -I- 1/D I/- 1/- -/D I/-
_,_ 

-I- -I-

.... a.apooae Tbreabold Valuea ..... 
Cll 

Week 1 140 140 144 160 140 148 140 160 140 155 140 140 

Week 2 154 140 140 140 140 152 140 140 uo 140 140 140 

Week 3 140 160 141 160 140 140 152 140 140 140 140 140 

Bzpoaure Cooceotratiooa 

Week l (ppb) 52 39 33 32 53 33 24 22 31 28 19 18 

Week 2 (ppb) 15 11 28 20 32 17 18 16 16 14 18 21 

W-k 3 (mg/m') 11 11 11 10 30 25 20 26 22 34 18 25 

No response 
I = Immediate response 
D = Delayed response 
0 = No data 



&ppeacli.x III (CoDtiaued) 

Aat.al Depead .. t •JPera .. ai.ti.Yi.tr a.apo~aae IDci.deDce, a.apoDae ~reabold 
Valaea, aad bpoaure CoDc-tratiODa DDri.Dg ClaalleDge 

Group 3 - 2,i-~I .. DaitiaatiOD/2,,-TDI Claalle~age 

atudr ~r tl-3,,-sa 

I..-di•t• or Delared a.apo~a••• 

Aniaal llo. ...M ..M _u __u _H ...H .....ll ..21 _ll ...2! ~ 

Challenge Wk. 

W-k l -1- -/0 -I- -/0 -I- -I- -I- -I- I/- -I- -I-

Week 2 I/- I/- -I- -/D I/D I/D -I- -/- 0/- -/D I/D 

Week 3 -I- 0/D -I- I/D -/D I/D I/- -I- I/D -/D I/D 

a.apo~ace Tbr•abold Valuea 
..... ..... 

W..k 1 156 160 160 140 154 140 154 140 149 140 152 ... 
Week 2 140 160 140 153 140 140 150 144 140 160 140 

Week 3 140 156 152 140 140 140 140 140 140 140 145 

Bxpoaura CoDceDtratioDa 
., 

w-k 1 (ppb) 37 19 14 9 30 26 19 16 70 36 28 

Week 2 (ppb) 22 15 62 30 15 9 24 20 23 16 44 

Week 3 (IDCJ/111,) 14 23 12 13 30 21 19 22 23 22 18 

- • No response 
I • Immediate response 
D • Delayed response 
0 • No dAtA 



Appeadiz III (Conti.Duecl) 

AAiaal DepeDdeDt •yperaeDaiti•itr a.aponae Inci4~nee, a.aponae rbreabold 
Yaluea, aad &apoaure CoDceDtrationa n.riDg Cballeage 

Group t - 2,6-r.DI ... aitization/2,6-r.DI Cball.aga 

atudr -..bar tl-3&&-Ka 

1..-diate or Delared a.aponaea 

Animal llo. ...ll J...i ....2!. ...ll _H _:H lQQ .lQl ill lli ill .l£i 

Challenge Wk. 

W..il 1 -/fJ -I- -I- -I- -/D -;o -/0 -/D -/0 I/- -I- -/D 

Week 2 -I- -I- -!- -I- -I- I/D I/D I/D -/0 -/0 -/- -I-

Weekl -/D I/- -I- 0/- I/D -/D I/D -/0 -I- I/- -I- I/D 

aeaponse Threabold Valuea 
~ 
CD Week 1 140 140 153 150 140 140 140 140 140 140 140 140 0 

W..IL2 140 140 157 146 140 140 140 140 140 158 140 140 

Week3 160 160 146 140 140 140 140 140 149 160 151 140 

Bxpoaure Concentration• 

Week 1 (ppb) 49 38 23 45 33 24 38 55 52 42 74 83 

Week 2 \ppb) 28 29 40 40 52 3~ · 20 20 21 1) 46 32 

Week 3 (.-cJ/•') 28 33 27 28 11 23 21 24 22 24 27 30 

- = No response 
I • Immediate response 
D • Delayed response 
0 • No data 
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OQOD LMQM'JOU PM(;TICI .®IQ'LIMCI ITATIJCIRI% 

Thi• •tudy wa• conduc:ted in compliance with the TSCA Good Labo.ratory 
Practice Standard• of 40 CFR Part 792 and the OECD Principle• of Good 
Laboratory Practice, C(8l~JO (Final) Annex 2 (Paria, Hay 1981). 
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QUALIU AIIJliAICI ID'1'IItllrf 

Audit report• have been •ubmitted to the Study Director and Laboratory 
Management documenting the •tatu• of compliance with applicable 
departmental •tandard operating procedure•, the •tudy protocol and Good 
Laboratory Practice regulation•. 

All pha••• of •tudy conduct for thi• •tudy type have been periodically 
in•pected by the Quali\:y A••urance Unit. Audit report• have been 
submitted to Laboratory Management and the Study Director, documenting the 
•tatu• of compliance with applicable departmental •tandard procedure•, the 
•tudy protocol and Good Laboratory Practice• regulation•. 

AUQITI 
Phlltl 

Phue of Study 

07/29/92 Lab Tech Computer Operation/Data, 
Collection, Verification of Tempera
ture-Humidity Probe•, Recording of 
Temperature, Humidity, and Airflow•, 
Balance Verification, Body Weight•, 
Ob•ervation•, Animal Inv•ntory, Load 
Re•trainers/Plethy•moqraph•/Chamber. 

Auditor 

09/0J/92 Generator, Mixing Chamber and Plethy•- J. Hagen••n 
mograph•, ftirflow•, Static Pre••ure 
Reading•, Protein Conjugate Sampling. 

02/10/93- Final Report Rrview 
03/04/93 

Pha•e of Stydy Type 

02/28/92 Animal Identification 

03/2-3/92 U•• of Gilibrator, Verification of 
Airflow•, Te•t Sub•tance Weighing 
Before and Following J:xpo•ure, Pre
~·n•itication Body Weight•, Ob••rva
tion•, Animal Inventory, Placement 
of Animal• in Re•trainer•/Chamber, 
Acclimation, O~•et of Bxpo•ure, Lab 
Tech Computer Op6~ation and Data 
Collection, lnd lxpo•ure, Removal of 
Animal• From Chamber/Re•trainer• and 
Po•t-lxpo•ure Ob•ervation~. 
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REPORT TO 
STUDY DIRECTOR/ 
__tWfAOEMINT 

07/29/92 

09/03/92 

09.'23/92 

03/04/93 

02/28/92 

03/04/92 



OQALin APillfiAlg STAt!jMitft (Coot.iraued) 

AUI)I'fl 

Datt Phntt Auditor 

Phase ~f Study Typt {~ntinyedl 

03/30/92 Balar., - ~' '' ''llrification, Removal of J. Hagenelilln 
Teet S" ,etanc" From Storage, Weigh-
ing of Teet Su~etance, Return to 
Storage, Teet Subetance Preparation, 
Calibrntion of Glntrator Airflow, 
Generator. Opt:l!'ation, Delivery Purnp 
O{>tr&t .~.on, Chamber Atmoephera and 
Particle eize Sampling, and Wet 
Teet Mettr Calibration. 

04/7-8/92 Balance Verif i cation, Pre-chall•nge J. Hageneen 
Body t4tiqhtt~~, Ob•ervatione, Placement 
of Anial•l• in r·lethyemogr.aphe, Acclima-
tion, C~libration of Mixing Chamber, 
Teet Subetance Generator and Plethye-
mograph Airflowe, Static Preeeure 
(magnahelic) Reading•, Calibration of 
Rcepiratory Rate Recordere, Weight of 
Teet Snbetanca Before and ,,fter 
Expoeure, Pre-ex~1eure Acclimation 
Start:, Start of Pr,•-expoeure Reap ira ·· 
tory Meaeuremtnte, Start and End of 
Challenge Expoau~e, Sampling of Mixing 
Ch mber and Plethyemoqraph Atmoepheree, 
A rflow and Static Preeeure Readinge, 
Poet Challenge Recovery Period, Poet-
lxpoeure Body Weight• and ObeQrvatione. 

04/16/92 Blood Collection, Aneathetization, 
Centrifuging of Blood and Necropey. 

Clinic;tl..,Laboratorv suoport Function~. 

05/08/92 Bemat~loqy Pararu~tere 

05/08/9~ Dif~erenti~l Count• 
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J. Ranjbar 

REPORT TO 

STUDY DIREC.'TOR/ 
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03/30/92 

04/08/92 

04/lfi/92 

05/08/92 
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QVALIU AIIJJIAICI STATIIIIII'J (Continued) 

AUP1'1'1 
Phuew Auditor 

Analytical supp9rt function• 

05/06/92 Preparation For Analywia, Analytical s. Bailey 
Method, Submi11ion of Samplea, Deter-
mination of Tewt. Subwtance Concentra-
tion, St•ndardization of Chromatographic 
Inwtruoentw and Analytical Standardw. 

Animal Care Support Fun~;ionw 

01/31/92 Beddin9, Rack Change and Feeding 

02/04/92 Cleaning of Rackw, Cag•• r Tray• 
and Feeder• 

02/20/92 Filter Inapection/Chan~e 

02/25-26/9~ Receivin~, Shipment Examination, 
Randomization, Quarantine, 
Fe~ing and Obwer,•ationa 

03/02i92 RaleatQ of Shipment for Study Ute, 
Special Procedure• For Guinea Piga 

03/09/92 Room Ditinfection ~nd Light Timer 
Check 

c. A. Cox 

c. A. Cox 

c . A. Cox 

c. A. Cox 

C. A. Co:K 

c. A. Cox 

REPORT TO 
STUDY DIRECTOR/ 

IWfAOIMIJfT 

05/07/92 

02/03/92 

02/04/92 

02/20/92 

0" '26/92 

03/02/92 

03/09/92 

In compliance with the Good Laboratory Practice regulation•, thia final 
r •;port for wtudy number 92-344-PP haw been reviewed by tha Quality 
A11urance Unit. The remultw pr~••nted in thia report accurately dewcribe 
the methocr.a ar.d 11tandard procedur.aa and reflect the raw data collected 
during the conduct of the wtudy • 

. c.A .~ bt ().m. wu~ 
c. A. Ualder g Quality Awaurance Date 
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The potential for ahaa~-aenaitized guinea piga to di•play &~parent 

hyperaen•itivity reaction• upon challenge with 2, 4- or 2, 6-Toluene 
Dii•ocyanate (TDI) were inve•tigated. Twelve animal• per group were aham
expoaed during the ••n•itization phaae (expoaurea for three hourafday tor. 
five conaecutive daya) to room air. All animal• were then houaed under 
atandard conditi~n• for two week•. Animal• were •ub•equently challenged 
three ti111e11 (at appre~ximately one-week i&ltervala) to a••••• apparent 
hyperaenaitivity reaction•, •• ~hown below. 

Group 1 
Grou" 2 
Group l 

Sen a iti uti on 

Sham 
Sham 
Sham 

GSA • Guinea pig ••rum albumin 
TDI-G~A • GSA protein conjugate 

Challenc;u 

Shamt Sham; GSA 
2, 4-TDI 1 2., 4-TDI; 2, 4-TDI-GSA 
2,6-TDI; 2,6-TDI; 2,6-TDI-GSA 

Incr••••• in r••~irator.y rate were taken aa a primary indicator for 
apparent hyper••n•itivity reaponaee and th.s re•piratory rate of a .ach 
anieal wa• monitored before, dur inq, and after gach challenge expoaure. 
Su•tained :eapJ.ratory rate incr••••• ahortly after axpc•ure represent 
ii!Bediate-type while increa••• at tlmea long after the and of exposure 
indicate delayed-typ8 re•pon•••·· Animal• war• alao monitored for clinical 
•ign• and alteration• in the rate of body wei'-.)ht gain •• wall a• for 
le11icn• at necrop11y. 

No clinical aign• were obaarved from any animal during thi• experiment. 
Analyai• of body weight data ahowed few difference• between grcupa and no 
1e•J.on• were ob•erved during gro•• necropay from any animal. 

All ani£&111 were evaluated for apparent immediate- and delayed-type 
hyper••n•itl.vity reaction• during each of the three challengee. Apparent 
t..ediate-type re•pon••• were occa•ionally obeerved fr~m groupe 1 and 3, 
while apparent delayed-type reapon• •• were ob•erved from all groupa. In 
that recurrence of a particular re•ponee during aucc•••h•• apiaoda• of 
challente aay be indicative of true hyperaanaitivity reaction•, the 
incidence of thi• recurrence waa ••••••fld froa each animal. Only one 
repeated i-ediate-typ• and one repeated delayed-type reaponae ware 
obaervect (froa group• 1 and 2, reapectivaly). lach group i• conaiderad to 
bo indi11tin9Ui11hable with raapect to apparent raapon•e• or recurrent 
ra•pon•••~ Thill low incidence of reaction during challenge repra•ents a 
background level of reapon•• for thi• te&t •yetomo 
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I. Th• te1t 1ub1tanc• wa• aupplied by :Ul•• Inc., Indu•trial Chemical• 
Divi1ion, Mobay Road, Pittaburgh, PA 15205-9741, with the following 
informations 

tel\ lyblt&ACWS 

Identi!ications 

Phytical Appearances 

Lot No. s 

Pur.1.tya 

Stability Under 
Storage conditions 

Ac\iye Iaqrt4iep\t 

COIIIDOn Namea 

Structural Formulas 

CAS Reg.4,; try Ko. s 

Mondur TDS Grade II 

Pale yellow liquid 

0074 

98.9\ 

One year 

Toluene Dii•ocyanate 

2,4-'l'oluenll! Dii1ocyanatn 

c$fco 
NCO 

2,4 • TDI 

584-84-9 

II. 'lurinv the 1tudy the t.e1t 1ub1tance waa 1tored and archived at room 
t-perature. 
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I&JIIIALII 2.1-ltqwer 

I. T~e teat 1ub•~ snce wa1 tupplied by Aldrich Chemical Co., Inc., with the 
followin9 informationa 

~·t lybttapcea 

Identification: 

Phytical Appearances 

cat. Nc. z 

Purityz 

Stability Under 
Stora9e Conditiona 

Astiye Inqr.O~a 

COIIDOn N ... a 

Structural rorm~laa 

CAl Re9ittry NO.I 

2,6-Toluene Diitocyanate 

Clear liquid 

22386-7 

97\ 

Not available* 

Toluene Diitocyanate 

2,6-Toluene Diitocyanate 

2,6 • TOI 

II. Durin9 t .he etudy the tett 1ub1tance wat 1tored under refriqerator 
condition•. 

•stability under 1toraqe ia preeWDed to be ai.IDU.ar to that of the 
2,4- i•o-r. 
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PVRPOII 

The purpoee of thie etudy ie to evaluatw the potential for eham-eeneitized 
guinea piga to dieplay apparent hypereeneitivity reaction• upon challenge 
with either 2,4- or 2,6-TDI. The protocol for thie experiment wae baaed 
on teet procedure• deeeribed by Karol and eo-worker• (l-5]. Thi• eyetem 
involve• expoeure of guinea pige during a "••n•itization" pha•• and, at a 
later time, inhalation expoeuree during a "challenge" ph•••· For thie 
experiment all animal• were aham-eeneitized with conditioned air. 
Hypereen•itivity reaction• are typified by an inereaee in the reepiratory 
rate during or after chnllenge. 

The approaehee ueed 1.n thia report for the identification and 
characterization of beth immediate- and delayed-type hypttreeneitivity 
reaction• have previouely been valida::ed with eubtiliain ( 5 J, ovalbumin 
[6], and purified tuberculin protein [2], •• poeitive eontrole. 

Thie report ie i .ntended to be a companion document to a report completed 
previouely [7], in which animala received both eeneitization expoeure• and 
challenge expoeur•• with 2,4- and 2,6-TDI. 

D.IZ QVIDILIQI 

There are no teet guideline• for thie •tudy type. 
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IIITJIODI 

Animal Information 

Source. Number. Weight and Age 

Young adult male Hartley guinea pigs obtained from Saaco, Inc., Madison, 
Wiaeonain, were used in thia study. Guinea pigs are the species of choice 
for respiratory 11enaitiz1:0tior. testing (Jtarol at al. [1,2,3)). Results 
from a total of 36 animals are reported. Body weights prior to the first 
sensitization exposure ranged from 241 to 296 grams. These animals were 
approximately three to four weekr of age at the atart of expo•ure. 

Examination and Accliroation 

Guinea pigs were examined upon recei;t and held for at least five or six 
days prior to study initiation. During the holding period each guinea plg 
was examined for changes in general appearance, behavior and gross 
external abnormalities. ~nimala with abnormalities were not used in this 
atudy. 

Ctre and Hauling 

Prior to and following the exposure period, animals were hou111ed 
individually in polycarbonate shoe-box t~ cagea with ALPHA-dri bedding. 
Bedding was change<t at le&ilt twice weekly and guinea pigs were transferred 
to clean cagea with evfllry bedd i ng chan~•· The anvironmento:.l conditione 
were set for a room temporature range of 18.3 to 25.5°C, ~ relative 
humidity (RH) range of 40-70\, and a photCJperiod wit.h 1~ hours of light 
alternatinq with 12 hour11 of darkness. l!!n'l.·iroruuental conditione were 
continuously monitored. PottDle municipal tap water and Agway Prolab 
Guinea Pig Chow were available f'or Ail libitu.m conaumption except du~l.ng 

the exposure perlod. 

IdentificAUon 

Bach animal was identifie(! hy earmark and c•ge card. 

BlndSADilltion 

Anim.ala ,..r• asaiqned to t~~equentially numbered cagea using a list of 
random ~u.bera generated using SAS software [8). Animals were selected, 
for each •xposure group, in numerical order ~fter randomization. 

l~imental pes!qn 

Exposure ReqiMn 

Thia •tudy wa• conducted in three pha·•••& sen•itiaation, induction, and 
challitnge, a• de8cribed below,· and each animal exper.lenced each phase. 

12 



Thr.. groupe of 12 animal• were uee~ and each ~~oup of control• received 
different challenge expoa~rea, aa ahown below. 

Group 

Group 1 
Group 2 
GI.'OUp 3 

___ _J]cpotun 
Ssnwitizetion Cha1l~nge 

Sham 
Sham 
Sham 

Sham 
2,4-Iaomer 
2,6-I•omer 

The courao of theae experiment• followed a aix-week protocol: 

Btqimen 

Sen:~itization week 1 

Induction Weeka 2,3 

~hallenge Week 4 

Week 5 

Week 6 . 

D91cription 

5 x 3 hour.a/Gay aham-expoaad to 
conditioned ro~m air 

Conventional houainq 

Challenge #~ to room air or TDI 
vapor 

Challenge #2 to ruo~ air or TDI 
vapor 

Challenge #3 to unconjugated 
protein or TDt protein conjugate 

Th••• pha••• are deacribed more completely below. 

Hotea The day of the firat expoaure waa denoted •• atudy day 0. 

Senaitisation Ph••• 

Shaa expoaurea to roo. air were adminiatered to each group for three hours 
per day on each of five co~oecutive daya (daya 0-4). Th••• expoaurea ware 
conducted at approxi .. telr the aame time of day for each group. 

Ipductign Phil• 

x .. ch aniaal waa conventi.onally houaed for approximately two weeka (vide 
aupra). 

Challenge.Pball 

Thie ph••• wae conducted identically for all three group• and animal• were 
expoaed to the .... iaomer of TDI during each challenge expoaure for a 
giver. group. Tn••• expoaurea were atarted betw••n 12a00 p.m . and 
Jr 00 P·•· ao •• to minimize the poten\;ial for diurnal variation a in 
reapon••· 
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The aventa during challenge that are aaaociated with re•piratory rate data 
collection are Bhown •chematically belo;,r. 

EVERI'S DURING CHALLENGE 

DKLA.YID 
RISPOND 
WINDOW 

Proe~tdvrally, !llubgroup• of four animal• were placed into whole-body 
plethy•mographa on day 21. Subaequent •ubgroup• (from the original group 
of 12 animal• that were given BenBitization expoeure•) were challenged on 
daya 22, 23, or 24. Animal• were allowed to acclimate for approximately 
three hour• Ut'lder quiet eurr;)undinga. Monitoring of the re•piratory 
activity of each animal waa then atarted and wa• taken for app~oximately 
the next two hour• (preexpo•ure period). Animal• were then expoaed for 
approxiaa.tely 60 ainutea (expo•ure) and re•piratory rate monitoring 
continued for the eneuing 16 hour• (poet-expoeure) while animal• breathed 
conditioned rooa air. ~hu• for each animal the r••piratory activity wae 
monitored_ continuouely for t he preexpoeure, expoeure, and po•t-expo•ura 
period• (approximately 20-24 hour• of continuou• mea•urement). Nappa 
Nectar (SB LAB Group, Cincinnati, OH) wae prov.i.ded ae a water eource 
( a.vailable A51 libitum) after the e~nd of expoaure during the chall-.nge 
phaae. Approximately 24 hour• after being placed in the plethy•moqraph• 
ant.al• were removed and returned to conventional hou•ing conditi- o. 
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Animal• wert rtchalltnqCid tt. the •arne atmoaphert approximately one week 
later (challenge wt'!tk 2) and l.".htn challenged with tither unconjugated GSA 
ox:- the appropriate TDI-GSA cor.jugatt during the followJ.:ng wttk (chall-..,.:;!11 
wettk 3). The regimen for tach challenge with re•pect to expoaurt duration 
and data collection waa identical. After the third challenge, animal• 
wert aacrifictd and necropaitd. 

Expoaurta: Generation and Monitoring 

Expoaurt Chambtr - Stnaitization Phatt 

Animal• wert expoatd in a noae-only inhalatinn txpoture chamber which had 
a nominal volume of 75 L. Thttt chambtra art conttructed of plexig~aaa, 
art cylindrical in deaign, and have attachtd tptcially dttigntd guinea pig 
rtatraintra with noat conta eo aa to allow noae-only expoaure. Theae 
chilUDbtra wert operated in a dynamic mode (conttant airflow) and the 
airflow waa monitored continuoualy and recorded at five-minute intervale 
(L&bttch aoftwart [9)). An txhauat airflow of approximately 23 - 29 Lpm 
( 18 - 23 chamber-volume changta per hour) was 111td and a atat.ic prtaaure 
waa maintained at approx~1ately -0.02 inch of water. 

Expoturt ChamPtr - Challenge Pbaat 

Animal• wert houatd and txpoliltd, unrettraintd, in whole-body 
pltthyamoqrapha. Theat rectangular pltthyamographa had a nominal volume 
of 2.0 litera and wert conttructed of opaque plaxiglata, with on internal 
aourct of water (Nappa Nectar; Sll: LAB Group, Cincinnati, OH). 

Pltthyamographa wert operated in a dynamic mode (conatant airflow of 
l. 7 Lpm and a static preaaurt of approximately -0.4 inch of water). 
Airflow waa recorded twice during the one hour expoaurt. Each 
pltthytmograph waa connected to a mixing chamber (2.0 L) and atmotpherea 
wer• ~tntrated into thia mixing chamber for dittribution. 

Glntration of Ttat Subttanct Atmotpher• 

2, 4- and 2, 6··TDI wert generated aa a vapor by a bubbler. Thi~ generator 
waa maintained at a conatant temperature of Approximately 2s•c during 
challtmJ• expoaurta. Dried comprtatttd air waa aupplitd with a flow of 
approxiaattly 0.25-0.41 Lpm durinq challenge. Unconjugated GSA and TDI
GSA conjugate• \•r• generated aa a liquid atroaol in borate buffer (50 mH, 
pH•9.4, 1.0, w/v aolution) uaing an air-blaMt type gla•• nebulizer. Thia 
protein .olution waa delivered by a periataltic pump. 

Gtntratar output waa mixed with conditioned room air at the mixing chamber 
and totaf airflow• wert approximately 4 - 18 Lpa for challenge. During 
aeneitiaation txpoau=-:.• airflowt wert monitored continuoualy and were 
rtcordtd at approximately fivt-minutt inttrvala (Labttch aoftwart { 9)). 
Durin~r the challenge phaae, airflow• wert calibrated irmltdiately before 
animal• wert placed in pltthytJD09raph11 and were recorded twice during 
expoaurt. 
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Analytical Conctntration 

Analytical conctntrationa of chtrubtr atmoaphtrta wtrt d•t•rmintd by 
aampling during the txpoaurt period. Chambtr conctntration• of TDI v&por 
wtrt quantifJtd by rtvtrat-phaat high preaauxe liquid chromate-graP-hic 
analyaia of atmoaphere impingtr aamplee after derivation with N-4-
nitrobtnzyl-N-n-.,ropylamint ( 10). Chambtr concentrations o f TDI-GSA 
conjugatt wtrt quantifitd gravimetrically afttr filttr aampli r- g (Milliport 
HAWG filttr•, pore aize • 0. 5 JJm, eampling flow ratt waa approximately 
1. 7 Lpcn). 

unita of Conctntration 

All rtftrtncta to tht conctntratiun of tht chambtr atmoaphere are 
exprtaatd aa ppb of TD:L vapor or mq/m' of TDI-GSA conjugat,t. 

Preparation and Characterization of the TDI-GSA Con1ugate 

Guinta pig ••rum albumin (GSA) conjugate• of 2,4-TOI and 2,6-TDI were 
prtpa.ctd by mtthoda prtvioualy de•cribed ( 11). After dialyaia and 
lyophilization tht product waM characttriztd aa to tht perctnt 
aubatitution of TDI onto GSA moltcult8. Thie characterization waa 
ptrformtd by a TNBS dtrivitization mtthod [ 12), and the reaulte 
co~aiattntly indicattd a perctnt of aubatitution of approximately 85\ for 
tach conjugatt. 

Particlt Sizt Diatribution 

Tht particlt aizt characttr of tht TDI-GSA atmo•phtrea gtnerated during 
thia atudy havt prtvioualy bttn a••eaaed (7). Undtr identical conditions 
to thoae uatd htre, Maaa Mtdian Atrodynamic Diamettr values for aerosols 
ranged from 0.87-0.94 JJrn and aaaociated geometric atandard deviation 
valut• ranged from 1.3 to 1.4. Thua, tht TDI-GSA atroaol• ustd during 
thia atudy wert taaily rtapirablt by quinta piga. 

Ch&mbtr Monitoring of Ttmptraturt and Rtlativt Humidity 

The deairtd range• for temperaturt and rtlativt humidity (RH) art, aa in 
our aniaa1 houaing f•cility, 18.3-2s.s•c and 40-70\, rtapectively. During 
aenaitiaation, ttmperaturta and RH wtre taktn by Solomat probta ( Pt 
Chamber, 100/\RH) with tranamittara [13). During challtngta, tem~raturea 
were taken by hand with a National Inatitutt of Standard• and Ttchnology 
(NIST) certified thermomettr twict during expoaurt. Relative humidity 
monitorinq waa not don• during challenge expoaurta in that our 
Hygroacopic-Dielectric type atnaora are incompatiblt with iaocyanatta. No 
auitablt aubatitutea for thtat ••n•ora are available . 
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~atrnent of Ch&mber Exhautt 

Exhautt air from the expoture chamber• ana plethytrnographt wat filtered 
through an activated-charcoal trap and a HEPA filter before it wat vented 
externally . 

Body Weightt/Clinical Sign• 

Individual body weightt and clinical obtervationt were recorded jutt prior 
to expoture o~ dayt 0-4, on dayt 7 and 14, nod bef~~• at well at after 
challenge in the whole-body plethytmographt. Additionally, c:linical 
obtervationt were taken jutt after axpoture on dayt 0-4. 

Groll Pathology 

Animalt were tacrificed by trantecting the potterior vena cava after blood 
collection. A complete grott necropty wat performed en each guin2a pig, 
which involved an examination of all organt, body cavities, cut turfaces, 
external orificet, and tu.cfacet .. All grott abnormalitiet were recorded 
and telected tittuet were taved for pottible future analytit. 

~~tory Meaturementt 

Data Colltction 

:Rttpiratory activity wat meaturtd during tach c:hallenge (from 
pltt!lytmographt) uting Validynt differential prttturt transducers 
(Model Dp 45-16). The analog tignal wat amplified uting a Gould 24005 
tytttm and wat convtrttd to a diqital format uting a BUXCO ( BUXCO 
Electronic• Inc.) tytttm [14). 

Rttpiratory activity wat rtcordtd by tht BUXCO tyttem every 0.1 minute 
from each animal durinq tht preexpoturt and expoture period&. 
Generally during the pott-expoturt p!'riod (typically one-half hour 
after end of •~poture) the r•cording rate wat changed to one-minute 
interval• and thit ratt wat maintained until the end of data 
collection. 

Data lyalyation 

The rttpiratory ratt wat ttatittically and graphically evaluated ae it 
it the primar1 indicator for a retpiratory tentiti&ation retponae . 
Phatet of the phytiological rttponte during challenge have been 
detcr~bed at •illaecliatt-ontet, • occurring thortly after COIII'Mtncement 
of expoture, and •dtlayed-ontet,• occurring tome hourt (typically 5-
15) after txpoture <•- scheme for •event• during challenge• vide 
tupra). l\t animalt are continuoutly monitortd for approximately 
16 hourt after the ttart of expoture, detection of each phate of a 
potential rttpontt it pottible. 
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ReApiratory rate data are collected from the BUXCO eyetem (dBaee 
format [ 15)) and electronically tran•f•rred into a Lotus .1-2-3 ( 16) 
epreadeheet. In thie format reepirato::y rate data taken during or 
after •xpoeure from an individual ~nimal may be compared to the mean 
reepiratory rate for that animal taken before axpoeura (the 
preexpoeure period). Theee comparleone are coneietent wi.th the scheme 
fo1· data an~ :..yeie that hae been adopted by Jtarol at al. ( 4, 5) • Mean 
~ -.-~xpoeure reepiratory rate valuee are ueed to diecern a USPOWSB 
~SBOLD f.or a particular animal on an ~ndividual day of challenge. 
Exceeding thie threet.old value iiJ tak•n ae an indicator for a 
hyper11eneitivity raeponee. Our epecific criteria for identifying 
reepon~e• ar<a baeed ou the work of ltarol at al. [ l-5). Thaea are: 
l) Immediate-type hyporaaneitivity ra~ctionz The ani~4l will maintain 
a roepiratory rate greater than the raeponee thraehold for at least 
three coneecutive minute• at eoma poi.nt during the f iret 0. 5 hour of 
axpoeure. Moreover, the shape of. the re~ponee curve ie such that the 
raepir&tory rate will riea from a near normal laval to a laval that ie 
above the threehold. 2) Delayed-type hyparaaneitivity reaction: The 
animal will euetain an increaee in reepir.atory rate that ie above the 
reeponee threehold for at leaet lS coneec~tive minutes. Thie increase 
will occur at eome point that ie from 2 to l~ hour• after the lltart of 
expoeure. Bither an immediate-type or delayed-type reeponee will be 
taken to euggeet background lavale of reeponee to challenge · ith 2,4-
or 2,6-TDI. 

lietabliehinq a Rttponte Threeholdr Thie it a unique value that was 
determined each time an animal wae challenged. The threehold value i• 
baeed on the average preexpoeure reepiratory rate for each animal. 
During the preexpoeure period retpiratory rate wae collected 
( 0. '- minute samples) for at leaet two hours. From this data set 
spurious values were removed and data wall retain.ed for a continuous 
period of time, generally at least one hour in duration, that appeared 
to repra•ant a quieecent period. Thie wae to eetablieh a baseline for 
reference, and the mean and etandard deviation of this continuous data 
eat wae calculated. The limite we have choeen to impose on the 
rero. 11onee threehold value are 140-160 breathe/minute (bpm); the 
threehold value will alwaye be within thie range. Theee limite are 
compared with the calculated valuee of the preexposure mean + 3 so and 
150' of the preexposure mean. If either of theee calculated values is 
within the range of 140-160 BPM than it ie taken as the response 
threehetl . . If both are within the range or are either greater than or 
lower than thie range, then the v~lue closer to the preexpoaure mean + 
3 SD ie eelected. Thie threshold value ie compared to ~ all of the 
expoe.ure and poet-expowur.e data after epurioue point values are 
1.·emoved. our criteria for eelecting a reeponee threahold is 
coneietent with that establiehed previouely ( 4) wherein analyeis of 
data from a large pool of control• indicated that a 3 SD increaee from 
the mean reepiratory rate wae equivalent to a 47' increaae. 
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<rnpbic;:~. 7 ... . Rtprasgntltion of pataa Rtapiratory ntes art graphically 
rtpr•• · ,.,t ,ed from tht start of txpoaurt until tht tnd of data 
collection. In tach cast two graphs art includtd: 1) cnt that 
includta tht data from tht ttxposurt ptriod (one hour) plua 
approximattly tht first 0.5 hour afttr tht end of expc.: ~1ure (all data 
collecttd at 0.1 minutt intervala) and 2) ont that presents the post
txpoaurt ptriod from approximattly 1. 5 hour after the start of 
txpoaurt until the tnd of data colltction ( 1. 0 ntinutt intervals for 
data collection). Thtet two gra.c>h• art to faciL.tate the 
identification of immed.iata-typt and dtlayed-type hypersensitivity 
rtactiona, rtsptctively. To pt·8pal:t tht data for graphing, first 
apurioua point• are remov~d, then in Mequenct &very pair of values is 
avtragtd togtthtr, thus rtduc ing tht data set by half, finally a 
mov~ng avtragt of groups of 15 valuta art sequentially calculated to 
gtntrate a set of smoothed data for graphing (i.e. , graphing data 
)IDiot #1 ia the mtan of data value• 1-15, graphing point #2 ia the 
mtan of valuta 2-16, ttc.). Tht numerical manipulations of data were 
ptrformtd on Lotus 1-2-3 { 16], whilt graphs were prepared using a 
Maaa-11 Draw packagt (Micro11yatem• Enginttring Corporation) after 
tranaftral of data from Lotua. Thia smoothing of data prior to 
graphing i.e ••••ntial ao aa to preaent inttrprttablt figurts. Each 
graph contain• information such aa tht txposurt concentration, the 
rtaponat thrtahold, and trends in respiratory rate aa a function of 
time from tht •tart of exposure. 

Statiwtical Analysis 

~atpiratory paramtters collecttd by tht BUXCO Syatam (14} were transferred 
t? dBaae IV ( 15) filts to dtlett thoat paramtttrs not relevant to this 
utudy. 'l'btst dBaat filta wart thtn tranaftrrtd to a Lotus 1-2-3 [ 16 J 
aprt:adaheet to computt mtans and dtacriptive statistics. Other 
descriptive statistics were generated by Lotua 1-2-3 (16] ac needed. 

Archi~l Procedures 

The protocol, raw data, a sample of the teat substance, and the final 
report will be archived at loc~tions specified by Milta Inc., Agriculture 
Division, Toxieoloqy, 17745 South Metcalf, Stilwell, Kansas 66085-9104. 

19 



UIJJLU MD QIICVIIIOII 

Animal Cart and Routing 

continuout monitoring of the room he~uting guinea pig• during thit 1' ... dy 
thowtd that thtre ware nc deviation• fron1 the da•irad range for 
t .. peratur• (18.3 to 25.5°C). On 14 taparata d a y* the room RH wat 1 or 2\ 
below tht dttired range (40-70\). Thttt axcur.tiont ranged from 11 to 170 
minute• in duration and did not affect tht outcome of theta experiment•. 

Ch&mbtr Parameter• 

Temperatyra and \ RH. 

Weekly ~an valutt for chamber temperatura and RH during the taneitization 
phata (d~y• 0-4) from •11 group• ranged from 20.4 to 2l.5°C and 52 to 61\ 
rttpectively. ~ttkly mean value• for temperatura and RH per group are: 

G~:"'lP la 21.1•c and 52\ (range of daily ~roaan•s 20.S-21.9•c and 48-60\, 
rttpectivaly) 

Cr.oup 2s 21.e.•c and 55\ (range of daily meants 20.6-22.o•c and 43-64\, 
ratpectivaly) 

Group 3a 20.4°C and 61\ (range of daily meants l9.4-20.9•c and 5 -6?• . 
ratpectivtly) 

During th~ c~clltngM phata, plathyemoqraph temperatura reading• ware taken 
approximately 8 hourt or 20 houra after animal• ware encloead. The range 
of temperat~r• valutt recorded wat 20-25°C (inclutive of all maaeuramanta, 
nM82). Plathytmograph temperature• were timilar between groupt; meant of 
record~d valu•m from each group wtrt · 23•c, 2J•c and 24°C (graupt 1, 2 and 
3, rttpectivtly). No routin·t monitoring of RH wat pottibla during the 
challenge pha••· 

su-arily, thtl" data incE:w•t• t :hat animal• on thit etudy were not 
tubj"'cttd to phytical etrttltl rtl.attd to tither temperatura or relative 
huaid!ty. All ch.u.btr temperature and \ RH valutt recorded wert within 
the dttirtd range for our facility (18.3 to 2s.s•c and 40 to 70\ RH, 
retpecthtly). 

l&optyre Qpnccntratign• 

ChMllenae_ Phllt ' I 

The choice of TDI concentration durin9 cha lengt thould bt low enough eo 
ae to avoid a ttntory irritation type l.'ttpontt but high eno1agh tc provoke 
a hyptrttntitivity type rt•pontt thould animal• be tufficiantly 
prtditpottd. concentration• of 2,4- or 2,6-TDI that were uttd during thit 
ttudy wert cont1ttent with thott uttd previou•ly [7,4,!]. 
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Individual challenge concentration• for vaporoua and GSA-conjugated TDI 
are preaented in Appendix II. Weekly mean value• were very consiatent and 
ranged from 20 to 37 ppb for TDI vapor and from 30 to 38 mgfm3 for the 
TDI-GSA-conjugate. 

Biologic Obltrvationa and Heuurementt 

~nical Obeeryationa 

No clinical aign• were ob•erved from any animal during the course of thia 
atudy. 

Bodv Weight• 

A aummary of the body weight data collected during thia atudy is preeented 
in Table 2 1 while individual value• are preaonted in Appendix I. These 
data indicate that all group• ahowed weight gain at each time point 
through day 14. A few animal• from qroup 3 loat weight between day 14 and 
week 1. Thi• ia due t.o alteration of dr.i.nking procedure• and ill! not 
conaidered to be rela~ed to expo•ur••· It i• al•o noted t~at animal• from 
all group• loat a eubatantial amount of weight during the courae of each 
cha.l1enqe. 

Mortaliti .. and Replacement Animal• 

There were no expoaure-related mortalitiea and no animal• were replaced 
duri.ng thie atudy . 

Gron Pathologx 

Each animal waa gro•• necropaiej after the final challenge and no lea'::~ns 

were obaerved from any animal. 

~ogical Indication• of Hyperttnlitiyity 

Reep.;>nae thr•ehold value• were not diaparate between group•. Average 
reaponae threahold value• from each of the three group• (mean• of all 
animal• from all three week• of challenge) were 142, 148 1 and 142 bpm 
(group• 1-3 1 raapectively). Individu.al re1pon1e threahold value• are 
prea~nted in Appendix II . Thia information indicate• that the criteria 
uaed to •••e•• hypereenaitivity reaction• wae not dieeimilar between 
groupa. 

A eulllllary of the incidence of apparent hyper1en1itivity reepon••• from 
each group ia preaented in Table J 1 while individual re1ponaee are 
identified in Appendix II . T~i• table identifiee both immediate- •• well 
ae delayed-type reepon1e1. Additionally, individual reepi.ratory rate 
pattern• during the expoaure and poat-expo1ure period• of ear.h challenge 
conducted during thia etudy are preeented in Piqurea 1 - 108 (information 
ia included on each figure concerning expoaure concentration, animal 
number, r-•ponee threahold, and etc.J see the "Guide to Piquree• for more 
explanation). 

21 



A• indicated in Tabla 3, apparent illlllladiata-typa hypar•aneitivity 
~·aaction• were only •poradically observed. A total of five incidence• 
were recorded, thr .. from group 1 and two from group 3. No outetanding 
d.iffaranca• ware ob•ttrvad in the incidence of apparent immediate-type 
hyper••n•itivity reaction• between eham-challanga• or thoea with TDI vapor 
and challenge• with native or conjugated GSA. 

A graatar incidence of apparent delayed-type hypereaneitivity reactions 
were obearvad from each group by comparieon to apparent immediate-type 
ra•pon•••· A total of 11 apparent delayed-type raepon••• ware noted from 
group 1, a total of eight apparent raepon••• ware noted from group 2, and 
a total of two apparent raeponeae ware .toted from group 3. The weak 1 
cha1langae from group l ehowad by far the highaet incidence of apparent 
delayed-type raeponeaa, 80\. Thie incidence ie unraaeonably high from 
animale that are eham-challanqad and euggstete that problema of a 
technologic or data-acquieition natura occurred during thie weak. 
Maintenance and reparative wor·k wae conducted on the air handling eyeteme 
of our laboratoriae during thie weak and the impact of thi~ dieturbanca 
cannot be •••••••d. Thue thie data will be axcludod from further 
analyeie. 

All animal• were eham eaneitizad, thue etimulue wae not provided for the 
development of an autbantic hypereaneitivity raeponea. With raepect to 
finding• of apparent delayed-type reuponeae, it ie improbable that each of 
thaea obeaa:·vatione rapraeant a true hypareaneitivity raeponea. Thie 
~uggaeta that the criteria uead for identification of an apparan~ delayed
type hyparaanait~vity raaponea may be too aeneitiva, and thu~ may daearve 
further refinement. Authentic hypersensitivity response• would be 
expected to recur upon eubraquant challenge. Thua, aeeaeement of response 
recurrence upon aaquantial challenge providae a means to dietinquieh 
between aporadic raapon••• and thoea euep•ctad to ba aaeoclsted with true 
hyperaanaitivity. 

One indication that an apparent raaponaa may ba the coneaquance o .~ 

authentic hypar•aneitivity ia a recurrence of a particular type o~ 

reaponaa durinq our regimen of three individual challangaa. Tabla 4 
praaanta the inci.da&'\Ca of repeated i.maMtdi5ta- aa wall •• delayed-type 
apparent hyperaanaitivity raapon••• from each of the three groupe. To ba 
included in thia incidanc• t:.~bla a particular animal muat hil'.ta shown the 
aaae type of apparent raepon•e on at 1eaat two out of the three 
challanqe•. Thi• tabla ehowa a low incidence of repeated raeponeas from 
each group. Only one repeated immediate-type and one repeated delayed
type raapon•• ware ob11arvad (from groupe 1 and 2, raepectivaly). In that 
the incidence of apparent raapon••• or recurrent raepon••• did not 
eub•tantially differ between groupe, each of thaea groupe ia conaidarad to 
be indiatinquiehabla with raapect to apparent hypenanaitivity reactions 
dur inq challenge • . 

Su.aarily, thaea data euggaet a low but conaidarabla incir·Jnca oi apparent 
hyparean•itivity raeponeaa from each group. In t~at each of thaea groupe 
rapra•11nt control aniaala, the incidence of r••ponea obearvad in this 
atudy ia coneidarad to be a background laval for thia teat ey•tam. 
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Beckground level• of reepiratory hyperaenaitivity-like reaction• to either 
2, 4- or 2, 6-TDI were evaluated in male guin•a pige. Three groupe ware 
aham-uensitized and aubaequently we~:·e challenged three time• (at one weMk 
intervale) with either laomer of TDI or were ehillll-challenged. In each 
caae, the final challenge waa to CSA1 either the native protein or the 
appropriate TDI conjugate. No clinical eigne, leaiona at groaa necropay, 
or sub~tantial difference• in weight-gain between groupe ware noted. 
Suatained increa••• in reapiratory rate• were taken a• indicator• for 
apparent i.mmediate-type and delayed-type reapon•••· A aimilar incidence 
of apparent immediatc,-type reaponaea waa obaerved between groupe, while 
fewer delayed-type reapon••• were obeerved from the group challenged with 
2, 6-TDI th•n from other groupe. Animal• from each group appear•d to 
demonatrate more delayed-type rathttr than immediate-type apparent 
reaponaea. P'ew recurrence• of a epttcific type of re"pon•• were seen 
during the three week• of challenge, thua, the background level of 
hypereeneitivity to TDI in guin•a pig• appear• to be low. 
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Table 1 

Su.aary of Plethr•.ograpb concentration• During Challenge 

Challenqe 
~ Atmo•~hert 

1 Sham 
Sham 
GSA 

2 2,4-TDI 
2,4-TDI 

2,4-TDI-GSA 

3 2,6-TDI 
2,6-TDI 

2,6-TDI-GSA 

SD • Standard Deviation 
NA • Not Applicable 

Challenge 
Week n• 

1 12 
2 12 
3 12 

1 12 
2 9 
3 12 

1 12 
2 12 
3 12 

Concentration 
<Mean + SOl 

NA 
NA 

38 .:!: 9 mqfml 

20 ± 8 ppb 
27 .:!: 12 ppb 
32 .:!: 14 mgfml 

37 ± 18 ppb 
37 .:!: 18 ppb 
30 .:!: 6 mg/m, 



Su.aary of Bodt Weigbta During a Reapiratory 
aenaitiaation atudf witb 2,t- or 2,6-TDI 

atudf Nuaber 92-ltt-PP 

Initial Analyaia of Body Weight• (g) Mean Weight Change 

Body Weight 121ll: g( ~SiYsiX 1 12YdD!il s;;biUIIl!ill '!il) 

Groyp Range 

1 24.J-27S 
(!!!ham) 

2 241-280 
(2,4-TOI) 

3 25S-296 
(2,6-TDI) 

SD • Standard Deviation 
MC • Mean Change 

_JL. _!_ 

Avg 258 287 
so 11 13 
MC 29 

Avg 263 293 
so 13 18 
MC 30 

Avg 272 293 
so 13 15 
MC 21 

1 • Day 0 denote• firat day of expoaure. 

....L. ~ week 1 Wtlk 2 

307 361 -32 -33 
14 22 
20 54 

320 374 -43 -54 
22 31 
27 54 

319 357 -32 -42 
17 24 
26 38 

a • Average• are preaented for all animal• challenged. ror individual data, 
•- Appendix I. 
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Tule 3 

Iacideace of Appareat ByperaeaaitiwitJ Reapoaaea Obaerved Duriag Cha11e~ge 

Incidence of Apparent Reaponae* 

lDIDISUit" 121:l.l:l!:!l!:l 
H.ls.a....1 lfJs..a......a. ~ H.ls.a....1 lfJs..a......a. Ws...._1 

Group 1 2/12 0/12 1/12 8/10 3/9 0/12 
(ShUll GSA)** ( 17\) (0\) (8\) (80\) ( 33\) (0\) 

Group 2 0/12 0/12 0/12 4/11 2/12 2/12 
(2,4-TDII 2,4-TDI-GSA) (0\) (0\) (0\) (36\) ( 1 7\) (17\) 

Group 3 0/12 1/12 1/12 0/10 0/11 2/12 
(2,6-TDII 2,6-TDI-GSA) (0\) (8\) (8\) (0\) (0\) (17\) 

* Reaponaea durinq each week of challenqe I qroup aize. 
**Material uaed for cha11enqe expoaurea (week• 1, 2 and 3); aee text. 
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Table 4 

IDcideDce of Repeated AppareDt Reaponaea Ob• '~ed 

DuriD9 Three Week• of Challen9e 

Challenge 
Group 1 

Sham 

2,4-TDI 

2,6-TDI 

studr Nuaber 92-344-PP 

Incidtncea 
Immediat• pelayed 

1 0, 

0 1 

0 0 

1 Material uaed for expoaurea; aee text. 

J Number of animala ahowing the aame type of 
apparent reaponae during two out of three 
week• of challenge. 

, Apparent delayed-type reaponaea from challenge 
week 1 were excluded from thia analyaia. 
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one page of Pigure• ie preeented for •• ~h challwnga of each animal. 
Included are eeparate graph• for approxima · ' J.y the f irat 1. 5 hour a after 
the atart of axpoeure and a aecond graph .:.,r the remaining duration of 
data collection. Th••• are preeentad separately ao ae to facilitate 
identificatl.on of euepectad immediate-type and delayed-type raeponeae, 
raepectively. The reepon•• threshold ie indicated on each graph and the 
actual axpoeura concentration for the indicatwd animal ia •hown within a 
ehaded area that indicate• t~• actual time of axpoeura. Alao included on 
•ach l'iqura ia informatioaa regarding the animal challenged and the 
atmo&phare compoeitione for aeneitization and challenge expoeures. 

Each Figura ie ••parately number•d from l to 108. They are preeantad in 
the order of groupe 1 - 3, and, for each group data for the firat weak of 
challenge• are praeented in ••quence and the•• are followed by data from 
the second and than finally the third weak of challenge. The following 
table identifiaa figure number• that are aeaociated with aach group. 

Group No. 

1 

2 

3 
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1-36 

37-72 

73-108 
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Figure: 1 

Study Number 92-344-PP 
Animal # 193: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 2 

Study Number 92-344-PP 

Animal # 194: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 3 

Study Number 92-344-PP 

Animal # 195: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 4 

Study Number 9~-344· Pi' 

Animal # 196: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 5 

Study Number 92-344-PP 

Animal I 197: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 6 

Study Number 92-344-PP 
Animal I 198: Sham Sensitization 
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Figure: 7 

Study Number 92-344-PP 

Animal # 199: Sham Sensitization 
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Figure: 8 

Study Number 92-344-PP 

Animal # 200: Sham Sensitization 
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Figure: 9 

Study Number 92-344-PP 

Animal # 201: Sham Sensitization 
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Study Number 92-344-PP 
Animal I 202: Sham Sensitization 

Figure: 1 0 Sham Challenge Week 1 
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Figure: 11 

Study Number 92-344-PP 
Animal I 203: Sham Sensitization 

Sham Challenge Week 1 
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Study Number 92-344-PP 
Animal II 204: Sham Sensitization 

Figure: 12 Sham Challenge Week ~ 
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Figure: 13 

Study Number 92-344-PP 

Animal II 193: Sham Sensitization 
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Figure: 
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Study Number 92-344-PP 

Animal I 195: Sham Sensitization 
Figure: 15 Sham Challenge Week 2 
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Study Number 92-344-PP 
Animal # 196: Sham Sensitization 

Figure: 16 Sham Challenge Week 2 
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Figure: 
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Study Number 92-344~PP 
Animal # 198: Sham Sensitization 

Figure: 18 Sham Challenge Week 2 
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Study Number 92-344-PP 

Animal # 199: Sham Sensitization 

Figure: 19 Sham Challenge Week 2 
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Study Number 92-344-PP 
Animal I 200: Sham Sensitization 

Figure: 20 Sham Challenge Week 2 
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Animal # 201: Sham Sensitization 

Figure: 21 Sham Challenge Week 2 
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Figure: 22 
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Study Number 92··344-PP 
Animal I .203: Sham Sensitization 

Figure: 23 Sham Challengt' Week 2 
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Study Number 92-344-PP 
Animal I 204: Sham Sensitization 

Figure: 24 Sham Challenge Week 2 
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Figure: 25 

Study Number 92-344-PP 
AnimaJ ##193: Sham Sensitization 

GSA ChaJienge Week 3 
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Study Number 92-344-PP 
Animal # 194: Sham Sensitization 

Figure: 26 GSA Challenge Week 3 
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Study Number 92D344-PP 
Animal II 195: Sham Sensitization 

Figure: 27 GSA Challenge Week 3 
220 

180 

I 160 • 

80 

80 \f 
20 ~~~·::! .. :::::~r:;~ ,;,~~· .. :·::= ::::= ! :::;::;;:·=:ii~~ 

0 
...___ _____ --~.,._ 

0.0 0.5 1.0 1.5 

220 

200 1'-

180 t-

18U ~ 

i 
140 ~ 

I 
12() .. 

Response Threshold 

J 100 .. 

I ., .. 
10~ 

40~ 

20~ 

0 ~._ ....... ____ ,. ____ --~--·~---._·-----~ 
1.5 5.7 10.7 15.7 



Study Number 92-344-PP 

Animal ## 196: Sham Sensitization 
Figure: 28 GSA Challenge Week 3 220 
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Animal I 197: Sham Sensitization 

Figure: 29 GSA Challenge Week 3 
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Figure: 30 

Study Number 92-344-PP 

Animal I 198: Sham Sensitization 
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Figure: 31 
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Animal II 199: Sham Sensitization 
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Study Number 92-344-PP 
Animal # 200: Sham Sensitization 

Figure: 32 GSA Challenge Week 3 
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Study Number 92u344-PP 
Animal# 201: Sham Sensitization 

Figure: 33 GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal II 202: Sham Sensitization 

Figure: 34 GSA Challenge Week 3 
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Figure: 35 
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St:.~dy Number 92-344-PP 
Animal # 204: Sham Sensitization 

Figure: 36 GSA Challenge Week 3 
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Figure: 38 
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Animal II 224: Sham Sensitization 

Figure: 39 2,4-TOI Challenge Week 1 

2~~----------------------------------~~ 

200 

180 

! 160 

.J 1.0 

.! f 120 

J 100 

\ 
n)\ 

______ !~~~-"':12·~-~---

rJI 
20 . --

0 ---------~-
0 .0 0.15 1.0 

~""() 

200 

~ 80 

180 Respon!M Threshold 

I 1.0 

I. 120 

f 100 

J 80 

·40 • 

1.5 

: L-----""'-----~ ""--·----....1 1.15 4.8 8 .9 14.8 
Time From SWt of Expoeure (howe) 

68 

' 
I 



I 
.I 
~ 

i 
j 

Study Number 92-344-PP 

Animal I 225: Sham Sensitization 

Figure: 40 2,4-TDI Challenge Week 1 
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Animal # 226: Sham Sensitization 

Figure: 41 2,4-TOI Challenge Week 1 
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Study Number 92-344-PP 

AnimaJ # 227: Sham-Sensitization 

Figure: 42 2,4-TOI Challenge Week 1 
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Animal# 228: Sham Sensitization 

Rgure: 43 2,4-TDI ChaJienge Week 1 
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Figure: 44 
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.t\nimal I 230: Sham Sensitization 

Figure: 45 2,4-TDI Challenge Week 1 
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AnimaJ # 232: Sham Sensitization 

Figure: 47 2,4-TDI Challenge Weak 1 :[ 
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Study Number 92-344-PP 
Animal # 222: Sham Sensitization 

Figure: 49 2,4-TDI Challenge Week 2 
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Study Number 92-344-PP 

Animal I 223: Sham Sensitization 

Figure: 50 2,4-TDl Challenge Week 2 
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Animal11224: Sham Sensitization 
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Animal I 225: Sham Sensitization 

Figure: 52 2,4-TDI Challenge Week 2 
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Animal# 226: Sham Sensitization 

Figure: 53 2,4-TOI Challenge Week 2 
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Animal I 227: Sham Sensitization 

Figure: 54 2,4-TDI Challenye Week 2 
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Figure: 55 

Study Number 92-344-PP 

Animal# 228: Sham Sensitization 

2,4-Tul Challenge Week 2 

=r 
180 

180 

140 

120 

100 

80 

60 

40 

20 

0 

220 

200 

180 

160 

140 

I 
120 .... 

100 

80 

... ., 

'\ 
-------~-~~-~~---~--w 

~I\__~ 

0.0 0.5 1.0 Hi 

• Data Collection Error- Daily Average Used 
To Represeut lodividual Coocentratioo 

Response Threshold 

:t ·, J._ 
1.5 ll.G 'I O.Qo 15.8 

Time F'!Om Stlllt of EICpl*n (hQun) 



Study Number 92-344-PP 
Animal II 229: Sham Sensitization 

Figure: 56 2,4-TDI Challenge Week 2 
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Animal # 230: Sham Sensitization 

Figure: 57 2,4-TDI Challenge Week 2 
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Figure: 58 

Study Number 92-344-PP 
Animal ## 231: Sham Sensitization 

2,4-TOI Challenge Week 2 
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Study Number 92-344-PP 
Animal # 232: Sham Sensitization 

Figure: 59 2,4-TDI Chailenge Week 2 
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Study Number 92-344-PP 

Animal # 233: Sham Sensitization 

Figure: 60 2,4-TDI Challenge Week 2 
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Figure: 61 
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Figure: 62 
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Animal I 225: Sham Sensitization 

Figure: 64 2,4-TO I-GSA Challenge Week 3 
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Animal# 226: Sham Sensitization 

Figure: 65 2,4-TDI-GSA GhaiiEinge Week 3 
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Figure: 66 
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Study Number 92-344-PP 

Animal # 229: Sham Sensitization 

Figure: 68 2,4-TDI-GSA Challenge Week 3 
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Figure: 69 2,4-TDi-GSA Challenge Week 3 
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Study Number 92-344-PP 

Animal # 231 : Sham Sensitization 

Figure: 70 2,4-TDI-GSA Challenge Week 3 
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Figure: 71 
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Study Number 92-344-PP 
Animal# 207: Sham Sensitization 

Figure: 73 2,6-TDI Challenge Week 1 
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Animal I 208: Sham Sensitization 

Figure: 7 4 2,6-TDI Challenge Week 1 
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Study Number 92-344-PP 
Animal # 209: Sham Sensitization 

Figure: 75 2,6-TOI Challenge Week 1 
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Animal # 210: Sham Sensitization 

Figure: 76 2,6-TDI Challenge Week 1 
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Animal # 211 : Sham Sensitization 

Figure: 77 2,6-TOI Challenge Week 1 
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Figure: 78 
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Study Number 92~344-PP 

Animal # 213: Sham Sensitization 

Figura: 79 2,6-TOI Challenge Week 1 
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Figure: 80 
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Study Number 92-344-PP 
Animal # 215: Sham Sensitization 

Figure: 81 2,6-TDI Challenge Week 1 
~~--------------------------------------~ 

200 

180 

160 
Response Threshold 

1<40 

120 

100 

80 

60 

40 

20 

0 
0.0 0.5 1.0 

:~---, 

180 

160 
Response Threshold 

20 

0~-~------~~--------~----------._---1.5 8.5 11.5 18.5 

l1me From Start of expo.ur. (houra) 

110 



I 
.! 
~ 

r • ... 

l 

Figure: 82 
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Animal# 217: Sham Sensitization 

Figure: 83 2,6-TDI Challenge Week 1 
~0~---------------------------------------

Response Threshold 

0~~----------_. ____________ ~------------~ 0.0 .),5 1.0 

220 r---- --------------------------------. 

Response Threshold 
------------------------~ 

0--~--~----~~------~~--------~~----~ 1.5 8.5 11.5 HU 



I • ! 
i 

i 

Study Number 92-344-PP 
Animal# 218: Sham Sensitization 

Figure: 84 2,6-TOI Challenge Week 1 
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Animal# 207: Sham Sensitization 

Figure: ()5 2,S.TDI Challenge Week 2 
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Animal # 208: Sham Sensitization 

Figure: 86 2,6-TDI Challenge Week 2 
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Study Number 92-344-PP 
Animal# 209: Sham Sensitization 

Figura: 87 2,6-TOI Challenge Week 2 
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Animal # 210: Sham Sensitization 

Figure: 88 2,6-TDI Challenge Week 2 
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Study Number 92-344-PP 
Animal# 211: Sham Sensitization 

Figure: 89 2,6-TDI Challenge Week 2 
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Animal# 212: Sham Sensitization 

Figure: 90 2,6-TDI Challenge Week 2 
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Study Number 92-344-PP 
Animal # 213: Sham Sensitization 

Figure: 91 2,6-TDI Challenge Week 2 
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Animal # 214: Sham Sensitization 

Figure: 92 2,6-TDI Challenge Week 2 
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Animal # 216: Sham Sensitization 

Figure: 94 2,6-TDI Challenge Week 2 
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Figure: 96 
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Study Number 92-344-PP 
Animal# 207: Sham Sensitization 

Figure: 97 2,6-TO I-GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal# 208: Sham Sensitization 

Figure: 98 2,6-TDI~1SA Challenge Week 3 
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Study Number 92-344-PP 
Animal# 209: Sham Sensitization 

Figure: 99 2,6-TO I-GSA Challenge Weal< 3 
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Study Number 92-344-PP 
Animal# 210: Sham Sensitization 

Figure: 1 00 2,6-TO I-GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal # 211: Sham Sensitization 

Figure: 1 01 2,6-TO I-GSA Challenge Week 3 
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Study Number 92-344-PP 

Animal # 2-: 2: Sham Sensitization 

Figure: 1 02 2,6-TO I-GSA Challenge Week 3 
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Study Number 92-344-PP 

Animal # 213: Sham Sensitization 

Figure: 1 03 2,6-TO I-GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal## 214: Sham Sensitization 

Figure: 1 04 2,6-TO I-GSA Challenge Week 3 
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Study Number 92-344-PP 

Animal # 215: Sham Sensitization 

Figure: 1 05 2,6-TO I-GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal I 216: Sham Sensitization 

Figure: 1 06 2,6-TO I-GSA Challenge Week 3 
~0~-----------------------------------

200 

180 
Response Threshold 

180 

140 

120 

100 

80 

60 

o40 

20 

0 0.0 0.5 1.0 1 .5 

220~------------------------------------------~ 

Response Threshold 

1 .3 11 .3 11.3 

l1me F"rom Start of expo.uo. (hcMn) 

135 



Study Number 92-344-PP 
Animal I 217: Sham Sensitization 

Figure: 107 2,6-TO I-GSA Challenge Week 3 
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Study Number 92--344-PP 
Animal ## 218: Sham Sensitization 

Figure: 1 08 2,6-TO I-GSA Challenge Week 3 
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Animal 
Nurpbl[ 

193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 

222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 

Appendix I 

IDdi•idual Bodf Weigbta (9) of Guiaea Piga Uaed Duriag 
Tbia aeapirator, ••aaitiaatioa Studr 

2S21~ llii2S21Y[I 12131: !;;biUtngl W•l!s* 
_Q _! _l 1i l 2 3 

Group I (Sbaa Seaaitiaatioo, Sbaa Cb.•lleage) 

253 275 298 348 384 365 427 405 485 
243 274 298 346 401 363 448 415 492 
262 287 294 339 394 360 447 408 495 
263 273 2YO 329 350 332 371 364 413 
263 292 310 384 466 406 531 465 601 
272 ~89 313 359 397 383 446 411 492 
275 317 332 399 483 444 54u 503 612 
248 283 299 351 389 351 433 406 471 
248 287 308 367 439 403 496 457 566 
253 288 311 370 462 423 503 467 544 
269 302 331 392 474 439 526 489 569 
244 275 294 344 396 383 435 417 451 

Group II (Sbaa Seaaitiaatioa, 2,4-TDI Cballeoge) 

244 266 293 343 381 354 427 387 472 
270 299 342 398 459 408 570 460 571 
247 271 285 318 350 317 382 339 417 
259 295 314 369 415 378 464 427 524 
241 258 284 329 371 345 396 369 448 
264 297 326 375 426 383 474 424 528 
268 299 331 399 464 419 520 459 580 
273 304 341 405 457 408 502 452 566 
:i7l 302 324 378 437 393 491 434 525 
261 305 349 420 525 464 584 516 623 
210 316 334 391 454 409 507 446 558 
270 291 322 365 436 387 475 429 522 

~Pre-challenge and poat-challenge weight• are ahown. 
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445 
450 
448 
383 
525 
453 
561 
424 
513 
495 
524 
434 

434 
509 
372 
474 
415 
466 
514 
499 
479 
556 
487 
463 



Animal 
Numb.li: 

207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 

Appelldb I (Cont.iAuecl) 

IDdi•idual Bodf Weigbt.a (g) of Guinea Pi~• Uaecl During 
Tbi• aeapirat.orr senait.isat.ion St.udr 

St.udr lluaber 92-lt&-PP 

fRI~ lle21!olli:. E21lt: ~b•U•ng• w••~· 
_Q _i ~ ll 1 2 3 

Group III (Sbaa Senait.isat.ion, 2,6-TDI Cballenge) 

272 301 330 376 3:!1 322 448 395 483 
266 274 296 327 264 255 377 330 423 
258 279 299 322 321 312 373 339 401 
281 306 332 370 307 295 422 375 457 
279 2S"2 315 345 388 353 426 392 463 
287 311 339 372 424 370 478 415 527 
255 270 292 334 334 308 376 350 390 
275 295 320 353 399 361 420 390 456 
296 322 347 406 465 401 513 459 552 
259 287 317 352 411 365 451 420 483 
262 291 318 356 403 362 454 408 486 
270 291 324 376 439 394 510 466 560 

•Pre-challenge and po•t-challenge weighta are ahown. 
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Appeadix II 

&at.al Depeadeat •tperaeaaiti•!tr .. •po••• Iacideace, .. •po••• ~reabold 
Valuea, &Dd .. poaure Coaceatratioaa Duriag Cballeage 

Group 1 - Sbaa aeaaiti•atioa/Sbaa Cballeage 

Studr ~r 92-ltt-PP 

1..-diate or Delared .. •po•••• 

ADiM:I. 1!12. 
Challenae Wk. ill ill ill ill ill ln m l22 ill m 
Week 1 -/D 1/D -/D -/D -/0 -I- -/D -/D I/D -/0 

Week 2 -I- -/0 -I- -I- -/0 -I- -/D -I- -I- -/D 

W..k3 -I- I/- -I- -I- -I- -I- -I- -I- -I- -I-

.. spoase Tbreahold Value• 

Week 1 140 140 143 140 141 160 140 140 140 140 

week 2 148 140 140 140 140 140 140 140 140 140 

W..k3 140 151 140 146 140 154 140 140 140 140 

Bxpoaure CoaceatratiQaa 

W..k 1 I Week 2 sh .. Expoaure• 

Week 3 (-.tJ/•') 41 29 45 51 42 34 28 44 22 27 

- • No reaponae 
I • 1..-diate reaponae 
D • Delayed reapon~• 
0 • No data 

ill. lP.! 
-/D -I-

-/0 -/D 

-I- -I-

140 140 

140 140 

140 140 

39 48 



Appeadia II (Coatiaued) 

Aaiaal Depeadeot Brperaeoaiti•itr .. •po••• Iacicleace, .. •po••• 'l'hreabolcl 
Yaluea, &Del Kapoaur• Coaceotratioaa Duriag Cballeage 

G~up 2 - Sbaa ... aitiaatioa/2,t-~I Cballeoge 

atuclr •u.ber t2-3tt-PP 

I..ecliate or Delarecl .. •po•••• 

---- I 61111111 112· 

SSbiUID511 Ia"= m lli lli ill .lli .u1. ill ill lli ill nl ill 
W..k 1 -/D -/D -I- -I- -I- -I- -/D -I- -I- -/0 -I- -/D 

Week 2 -I- -I- -I- -I- -I- -I- -I- -I- -I- -/D -I- -/D 

Weekl - I- -I- -I- -I- -/D -I- -I- -I- -I- -I- -I- -/D 

.. •po••• 'l'hreabolcl Value• 

... Week 1 140 • 158 147 140 159 160 159 140 140 149 140 141 ... 
week 2 160 152 140 149 160 144 150 140 152 148 140 140 

Weekl 160 160 140 160 140 140 140 140 140 154 159 146 

Czpoaure Coaceatrationa 

Week 1 (ppb) 10 22 38 18 16 19 24 21 21 12 13 22 

tieek 2 (ppb) 23 21 34 20 6 * * 23 35 * 47 32 

Week 3 (119/1111 ) 68 28 46 26 33 20 29 35 28 29 28 14 

- • No reaponse 
I • Immediate response 
D • Delayed response 
0 • No data 
* • Sampling error 



Appeadix II ( Coatiauecl) 

&at.al Depeadeat •JPer•eaaiti•itr acapoaae lacideuce, ... po~•• ~reabold 
Valuea, ADd &xpo••=• Coaceatratioaa Duriog Cballeage 

Group 3 - 8baa .... itiaatioAj2,6-~l Cballea9e 

8tudr •u.ber t2-3tt-PP 

1..-diate or Delarecl .. •po•••• 

Aol•ll l!2z 

SibiU•na• D.a m ~ ~ lli ll1 m lll ill ill lii ill lil 
Week 1 -/0 -I- -/0 -I- -/·· -I- -I- -I- -I- -I- -I- -I-

Week2 -I- -I- -I- -/- -I- -/- -I- -I- -I- -/0 I/- -I-

Week3 -I- -/D -I- -I- -I- I/D -I- -I- -I- -I- -I- -I-

.. epoaae rbreabold Valu•• 

... Neek 1 140 160 140 140 156 140 140 140 140 160 140 140 • N 

Week2 140 140 140 140 140 140 140 140 140 140 140 140 

Week 3 140 140 140 140 140 140 140 140 140 160 140 140 

Bapoaur• Coaceatratioaa 

Week 1 (ppb) 49 29 17 12 52 76 31 24 40 25 43 45 

W-k 2 (ppb) 26 29 30 24 29 26 36 21 Bl 66 43 31 

w-k 3 (89/• ') 41 36 36 26 27 24 24 25 36 32 30 28 

- • No reaponae 
I • Immediate response 
D • Delayed response 
0 ., No data 
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